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(57) Abstract 



An assay for measuring activation (i.e., autophosphorylation) of 
a tyrosine kinase receptor of interest is disclosed, a) A first solid 
phase is coated with a substantially homogeneous population of cells 
so that the cells adhere to the first solid phase. The cells have either 
an endogenous tyrosine kinase receptor or have been transformed with 
DNA encoding a receptor or "receptor construct'* and the DNA has 
been expressed so that the receptor or receptor construct is presented in 
the cell membranes of the cells, b) A ligand is then added to the solid 
phase having the adhering cells, such that the tyrosine kinase receptor is 
exposed to the ligand c) Following exposure to the ligand, the adherent 
cells are solubilized, thereby releasing cell lysate. d) A second solid 
phase is coated with a capture agent which binds specifically to the 
tyrosine kinase receptor, or, in the case of a receptor construe, to the 
flag polypeptide, e) The cell lysate obtained in step c) is added to the 
wells containing the adhering capture agent so as to capture the receptor 
or receptor construct to the wells, f) A washing step is then carried out, 
so as to remove unbound cell lysate, leaving the captured receptor or 
receptor construct, g) The captured receptor or receptor construct is 
exposed to a labelled anti-phospho tyrosine antibody which identifies 
phosphorylated residues in the tyrosine kinase receptor, h) Binding of 
the anti-phospho tyrosine antibody to the captured receptor or receptor 
construct is measured. 
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KINASE RECEPTOR ACTIVATION ASSAY 
BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a kinase receptor activation (KIRA) assay. 
5 In particular, the invention relates to an assay for measuring 
autophosphorylation of the kinase domain of a receptor protein tyrosine 
kinase (rPTK) using a kinase receptor activation, enzyme -linked 
immunosorbent assay (KIRA ELISA) . 

Pggcrjptj-gn pf Related tart 

10 One mechanism for signal transduction in animals involves protein 

phosphorylation. Protein phosphorylation involves the action of protein 
kinase, an enzyme that transfers a phosphate group from a phosphate donor 
onto an acceptor amino acid in a substrate protein. Protein phosphatases 
provide a means for reversing the signal when the stimulus is removed. 
15 Protein kinases have multiple substrates, and classification of the 

protein kinases is based on the acceptor amino acid specificity. The two 
most well characterized protein kinases are the protein kinases with a 
protein alcohol group as acceptor called protein serine/threonine kinases 
and the protein kinases with a protein phenolic group as acceptor called 
20 protein tyrosine kinases (Hunter, Methods in Enzvmology 200:3-9 [1991]). 

The most well known type of signal -transducing protein kinases are 
growth factor receptor protein tyrosine kinases (rPTKs) . rPTKs usually 
comprise a large, glycosylated, extracellular ligand binding domain (ECD) 
and an intracellular domain (ICD) which contains a tyrosine kinase 
25 catalytic domain. A single hydrophobic transmembrane (TO) domain connects 
the ECD and ICD. Examples of rPTKs include the insulin receptor, epidermal 
growth factor receptor (EGF-R) , platelet-derived growth factor receptor 
(PDGF-R) , insulin- like growth factor 1 receptor (IGF-l-R) , and the HER2 
receptor, to name a few. See, for example, Ullrich and Schlessinger Cell 
30 61:203-212 (1990) and Fantl ec al. , Annu. Rev. Biochem. 62:453-481 (1993). 
rPTKs can phosphorylate exogenous protein substrates and intrinsic tyrosine 
residues via their catalytic tyrosine kinase domain. The intrinsic 
tyrosine residues normally reside in the ICD of the rPTK (see Figure 1 
herein) . Activation of the intracellular kinase domain of rPTKs appears 
35 to be mediated by receptor oligomerization which results from the 
conformational alteration of the ECD upon ligand binding thereto. See 
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Ullrich and Schles singer , supra. 

Serine -threonine kinases have also been disclosed in the literature. 
While most of the known protein serine -threonine kinases are cytoplasmic 
proteins, a family of mammalian transmembrane receptors with serine- 
5 threonine kinase domains has recently been found. Members of this receptor 
family have been described as binding TGF-IS's and activin. For reviews of 
serine- threonine kinases, see Sale, G., Biochem. Soc. Transactions 20: 664- 
670 (1992); ten Dijke et al., Proa, in Growth Factor Res. 5: 55-72 (1994); 
and Mathews, L., Endoc. Rev. 15(3) : 310-325 (1994). 

10 Various assays have been developed which measure tyrosine kinase 

activity. Some of these assays measure the ability of a tyrosine kinase 
enzyme to phosphorylate a synthetic substrate polypeptide. For example, an 
assay has been developed which measures growth factor- stimulated tyrosine 
kinase activity by measuring the ability of the kinase to catalyze the 

15 transfer of the y-phosphate of ATP to a suitable acceptor substrate. See 
Pike, L., Methods of Enzymoloov 146:353-362 (1987) and Hunter, Journal of 
Biological Chemistry 257(91:4843-4848 (1982), for example. In this assay, 
the use of [y~ 32 P]ATP permits the radioactive labeling of the phosphorylated 
substrate, which is a synthetic tyrosine -containing peptide. Others have 

20 described protein kinase assays wherein incorporation of 32 P into a tyrosine 
kinase receptor, such as the EGF receptor (see Donato et al., Cell Growth 
Differ. 3:259-268 [1992]), insulin receptor (see Kasuga et al., Journal of 
Biological Chemistry 257 (17) : 9891-9884 [1982] and Kasuga et al . , Methods 
in Enzvmology 109:609-621 [1985]), and liver growth hormone receptor (see 

25 Wang et al., Journal of Biological Chemistry 267 (24) : 17390-17396 [1992]), 
is measured. 

The discovery of ant i-phospho tyrosine antibodies has provided a non- 
radioactive, alternative means for measuring phosphorylation of tyrosine 
residues. For example. White and Backer ( Methods in Enzvmology 201:65-67 

30 [1991] ) mention polyclonal antibodies which selectively bind to 
phpsphotyrosine and are considered to be useful for studying rPTKs. An 
ant i-phospho tyrosine monoclonal antibody was used in one of the assays 
referred to in Madden et al. ( Anal Biochem 199:210-215 [1991]), which 
measured phosphatase activity toward the insulin receptor. Anti- 

35 phosphotyrosine antibodies were also used by Cleaveland et al., in their 
protein tyrosine kinase ELISA assay. See Cleaveland et al., Analytical 
Biochemistry 190:249-253 (1990). The method of Cleaveland et al. utilizes 
purified high-activity oncogene tyrosine kinases, v-src and v-fps, and 
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measures the ability of these tyrosine kinases to phosphorylate synthetic 
polymeric substrates which are coated on an ELISA microtiter plate. The 
phosphotyrosine produced by src- induced phosphorylation of the polymeric 
substrate is then quantitated by addition of an ant i -phosphotyrosine 
5 antibody, the presence of which is detected using a second rabbit anti- 
mouse antibody which is linked to a reporter enzyme, horseradish peroxidase 
(HRPO) . A similar ELISA assay has been developed by Lazaro et al., which 
is used for detection of a protein tyrosine kinase . See Lazaro et al. f 
Analytical Biochemistry 192:257-261 (1991). Like the assay of Cleaveland 
10 et al., this assay also measures the ability of a protein tyrosine kinase 
to phosphorylate a synthetic substrate which is bound to microELISA wells . 

A direct way to assess specific activation of rPTKs is by analysis 
of receptor autophosphorylation . See, e.g., Hunter and Cooper Ann Rev 
Biochem 54:897-930 (1985) and Ullrich and Schlessinger , Cell 61:203-212 
15 (1990) . Using this direct approach, Knutson and Buck disclose assays for 
measuring autophosphorylation of the insulin receptor under in situ or in 
vitro conditions ( Archives of Biochemistry and Biophysics 285 (2) : 197-204 
[19913) . In the in situ assay, monolayer cultures of embryonic mouse 3T3-C2 
fibroblasts (having the endogenous insulin receptor) are incubated with 
20 insulin in large cell culture dishes. Following incubation, the insulin 
receptor is extracted from the membranes . To achieve extraction of the 
insulin receptor, the cell monolayers are scraped into a buffer containing 
protease inhibitors and the cells are then disrupted in a homogenizer. The 
cellular homogenate is subsequently subjected to centrifugation for 60 
25 min., and the pellet which forms is extracted into buffer containing 
detergent. Following a further centrifugation step, the supernatant 
(containing the insulin receptor) is incubated with an ant i- insulin 
receptor antibody. Then, the receptor -antibody complex is incubated with 
protein A- agarose and unoccupied protein A sites are blocked with normal 
30 rabbit IgG. The agarose beads are then centrifuged, the supernatants 
aspirated and the pellets are re-suspended in buffer containing the 
radiolabelled anti -phosphotyrosine antibody. The amount of bound iodinated 
ant i- phosphotyrosine antibody is consequently measured. 

Klein and his colleagues discuss an assay for measuring insulin 
35 activation of the insulin receptor (Klein et al., Diabetes 42:883-890 
11993] ) . In this assay, aliquots of a heterogeneous population of 
mononuclear blood cells (including T cells, B cells, macrophages etc) 
having the insulin receptor are exposed to insulin in centrifuge tubes. 
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The cells are then lysed in detergent using a motordriven homogenizer and 
the lysates are concentrated two- to fourfold using vacuum centrifugation. 
Sometimes, the insulin receptor is also partially purified using wheat germ 
agglutin agarose. The supernatants which form following centrifugation. 
5 are then transferred to anti-insulin receptor- coated microtiter plates. 
Insulin (6.7nM) as well as kinase and phosphatase inhibitors are present 
during receptor immobilization in order to optimize the percentage of 
receptors captured to the microtiter plates. Activation of the insulin 
receptor is then measured by transphosphorylation of the substrate Poly- 

10 Glu,Tyr with 32 P labeled ATP. The supernatants are then spotted onto 
absorbent paper and the paper is washed with cold TCA to remove unbound 32 P- 
ATP. Remaining 32 P-labeled Poly-Glu,Tyr on the washed absorbent paper is 
subsequently counted by scintillation counting. 

Hagino et al . were also interested in studying the insulin receptor 

15 in patients (Hagino et al., Diabetes 43:274-280 [1994]). As a first step 
in the assay, Hagino et al. stimulate a primary cell suspension, which is 
not particularly homogeneous with respect to cell type. In particular, 
heparinized blood {1ml washed twice with medium and resuspended in 1 ml of 
medium containing bovine serum albumin, BSA) is exposed to varying 

20 concentrations of insulin. The autophosphorylation reaction is stopped, 
the cells centrifuged for 30 min, the supernatant is discarded and the 
erythrocyte ghosts thus obtained are resuspended in buffer and centrifuged 
again. The pellet thereby obtained is adjusted to 500^1 and colubilized 
in detergent. The solubilized materials are then centrifuged and the 

25 resulting supernatant is subjected to sandwich ELISA (using anti-insulin 
receptor antibodies to capture the insulin receptor) to determine the 
extent of insulin receptor autophosphorylation. 

King et al . in Life Sciences 53: 1465-1472 (1993) describe a 
color imetric assay for examining inhibitors of the epidermal growth factor 

30 (EGF) receptor-associated tyrosine kinase in human intact epidermal A431 
cells . 

Several others have used an enzyme -conjugated form of the anti- 
phospho tyrosine antibody in Western blot analyses which measure receptor 
autophosphorylation. Briefly, Western blotting generally involves 
35 electrophoresing activated rPTK on polyacrylamide gel. The rPTK is then 
transferred to nitrocellulose and immunoblotted with the anti- 
phosphotyrosine antibody which is labelled to enable detection. See, for 
example, Wang, Molecular and Cel lular Biology 5 (12) : 3640-3643 (1985); 
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Glenney et al.. Journal of Immunological Methods 109:277-285 (1988); Kamps, 
Methods in Enzvmoloav 201:101-110 (1991); Kozma et al . , Methods in 
EnzvmolQQV 201:28-43 (1991); Holmes et al., Science 256:1205-10 (1992); and 
Corfas et al., PNAS, USA 90:1624-1628 (1993). However, with Western blot 
5 analysis, accurate quantitation can be very tedious. Furthermore, this 
technique tends to be time- consuming and generally does not allow high 
sample throughput. 

It is an object of the instant invention to provide a sensitive, 
reliable assay that measures receptor protein tyrosine kinase (rPTK) 

10 autophosphorylation. The assay is desirably useful for qualitatively and 
quantitatively measuring kinase activation as well as facilitating 
identification and characterization of potential agonists and antagonists 
for a selected rPTK. It is a further object of the invention to provide an 
assay which enables ligand- receptor interactions to be studied for any 

15 selected rPTK. 

This assay must have a capacity for high throughput, that is, the 
ability to reliably evaluate large numbers of samples in a relatively short 
period of time (e.g., in one day). The assay ideally does not use 
radioactive materials and is also amenable to automation. 

20 It is a further object, in at least one embodiment of the invention, 

to provide a generic assay which enables a rPTK of interest to be studied, 
regardless of whether or not a receptor-specific capture agent having the 
desired characteristics is available. Furthermore, it is an object of the 
invention to provide an assay which substantially represents the activity 

25 of the tyrosine kinase receptor in situ. This is desirable insofar as it 
reduces the possibility that altered interactions between the receptor and 
the ligand may occur as a consequence of the receptor not being membrane - 
bound. Furthermore, if the receptor is a multimeric complex, this assay 
enables the correctly assembled receptor to be studied. It is an 

30 additional object to provide a method for measuring serine- threonine kinase 
phosphorylation, phosphorylation of intracellular kinases and phosphatase 
activity. 

These and other objects will be apparent to the ordinary artisan upon 
consideration of the specification as a whole. 

35 SUMMARY OF THE INVENTION 

Accordingly, the invention provides an assay for measuring activation 
(i.e., autophosphorylation) of a tyrosine kinase receptor of interest. 
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The assay can be divided into two major stages, each of which is 
generally performed in separate assay plates. The first stage of the assay 
involves activating the receptor and is termed the kinase receptor 
activation (KIRA) stage of the assay. The second stage of the assay 
5 involves measuring receptor activation. Conveniently, this is achieved 
using an enzyme -linked immunosorbent assay (ELISA) to measure receptor 
activation. 

The KIRA stage of the assay involves activating a tyrosine kinase 
receptor which is located in the cell membrane of an eukaryotic cell such 

10 that the extracellular domain of the receptor faces the external milieu of 
the cell, the transmembrane domain is located in the cell membrane and the 
kinase domain is located intracellularly . This stage of the overall assay 
involves steps (a) to (c) below: 

(a) The first solid phase (e.g., a well of a first assay plate) is 

15 coated with a substantially homogeneous population of cells (usually a 
mammalian cell line) so that the cells adhere to the solid phase. Often, 
the cells are adherent and thereby adhere naturally to the first solid 
phase. In one embodiment of the invention, the cells have an endogenous 
tyrosine kinase receptor presented in the cell membrane as discussed above. 

20 In an alternative embodiment, the cells have been transformed with DNA 
encoding a tyrosine kinase receptor or a "receptor construct" defined 
further below, which DNA is expressed by the cells such that the receptor 
or receptor construct is suitably positioned in the cell membranes thereof. 
The receptor construct comprises a fusion of a kinase receptor and 

25 a flag polypeptide. The flag polypeptide is recognized by the capture 
agent, often a capture antibody, in the ELISA part of the assay. Use of a 
receptor construct as disclosed herein is particularly advantageous since 
it provides a "generic" assay wherein autophosphorylation of any tyrosine 
kinase receptor can be measured, regardless of whether or not a receptor - 

30 specific capture agent having the required characteristics is available. 
Often, the tyrosine kinase receptor is a fusion protein comprising the ECD 
of a selected tyrosine kinase and the catalytic ICD (and possibly the 
transmembrane domain) of another well characterized tyrosine kinase (e.g. , 
the Rse receptor) . 

35 (b) An analyte is then added to the wells having the adhering cells, 

such that the tyrosine kinase receptor is exposed to (or contacted with) 
the analyte. This assay enables identification of agonist and antagonist 
ligands for the tyrosine kinase receptor of interest. In order to detect 
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the presence of an antagonist ligand winch blocks binding and/or activation 
of the receptor by an agonist ligand. the adhering cells are exposed to the 
suspected antagonist ligand first and then to the agonist ligand (or to a 
mixture of the agonist and antagonist) so that competitive inhibition of 
5 receptor binding and activation can be measured. Also, the assay can 
identify an antagonist which binds to the agonist ligand and thereby 
reduces or eliminates its ability to bind to, and activate, the rPTK. To 
detect such an antagonist, the suspected antagonist and the agonist for the 
rPTK are incubated together and the adhering cells are then exposed to this 

10 mixture of ligands. 

(c) Following exposure to the analyte, the adhering cells are 
solubilized using a lysis buffer (which has a solubilizing detergent 
therein) and gentle agitation, thereby releasing cell lysate which can be 
subjected to the ELISA part of the assay directly, without the need for 

15 concentration or clarification of the cell lysate. Thus, this assay 
provides a significant improvement over assays described by Knutson and 
Buck, supra, Klein et al., supra, and Hagino et al., supra, insofar as it 
is surprisingly unnecessary to concentrate the cell lysate prior to the 
ELISA. Furthermore, unlike the other assays, in the instant assay the cells 

20 can be lysed in lysis buffer using gentle agitation without the need for 
homogenizing, centrifuging or clarifying the cells. The cell lysate thus 
prepared is then ready to be subjected to the ELISA stage of the assay. It 
has been discovered that, surprisingly, the first assay plate can be stored 
at freezing temperatures (i.e., at about -20° to -70°C) for significant 

25 periods of time (at least 6 months) before the ELISA stage of the assay. 
This is a significant finding insofar as the KIRA and ELISA stages of the 
assay can be performed on separate days. 

The ELISA component of the assay comprises steps (d) to (h) , 
described below. 

30 (d) As a first step, the second solid phase (usually a well of an 

ELISA microtiter plate) is coated with a capture agent (often a capture 
antibody) which binds specifically to the tyrosine kinase receptor, or, in 
the case of a receptor construct, to the flag polypeptide. Coating of the 
second solid phase is carried out so that the capture agent adheres to the 

35 second solid phase. The capture agent is generally a monoclonal antibody, 
but, as is described in the examples herein, polyclonal antibodies may also 
be used. 
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(e) The cell lysate obtained in step (c) of the above-mentioned KIRA 
stage of the assay is exposed to, or contacted with, the adhering capture 
agent so that the receptor or receptor construct adheres to (or is captured 
in) the second solid phase. Unlike the assay of Klein et al., the instant 

5 assay does not require the ligand for the receptor as well as kinase 
inhibitors to be present to achieve suitable immobilization of the receptor 
or receptor construct to the second solid phase. 

(f) A washing step is then carried out, so as to remove unbound cell 
lysate, leaving the captured receptor or receptor construct. 

10 (g) The adhering or captured receptor or receptor construct is then 

exposed to, or contacted with, an ant i-phospho tyrosine antibody which 
identifies phosphorylated tyrosine residues in the tyrosine kinase 
receptor. In the preferred embodiment, the ant i-phospho tyro sine antibody 
is conjugated (directly or indirectly) to an enzyme which catalyses a color 

15 change of a non-radioactive color reagent. Accordingly, phosphorylation of 
the receptor can be measured by a subsequent color change of the reagent. 
The enzyme can be bound to the ant i-phospho tyro sine antibody directly, or 
a conjugating molecule (e.g., biotin) can be conjugated to the anti- 
phosphotyrosine antibody and the enzyme can be subsequently bound to the 

20 anti-phosphotyrosine antibody via the conjugating molecule. 

(h) Finally, binding of the anti-phosphotyrosine antibody to the 
captured receptor or receptor construct is measured, e.g., by a color 
change in the color reagent. 

The invention also pertains to a Rse.flag reagent which is 

25 particularly useful for use in the KIRA ELISA assay. The Rse.flag reagent 
is a polypeptide comprising a fusion of a flag polypeptide (usually the gD 
flag described herein) to the carboxyl terminus of the intracellular domain 
of the Rse rPTK. Generally, the transmembrane domain of Rse and the 
extracellular domain of another rPTK of interest are also present in the 

30 fusion polypeptide reagent. The nucleic acid encoding this reagent and a 
cell transformed therewith are also claimed. 

In yet a further aspect, the invention relates to a kit which can be 
used in the KIRA ELISA disclosed above which comprises an ant i- flag 
polypeptide capture agent (e.g. a capture antibody) which is usually bound 

35 to the second solid phase as described herein. Thus, the kit generally 
provides an ELISA microtiter plate having an anti-flag polypeptide capture 
antibody adhering to a well thereof . Optionally, the kit also provides an 
anti-phosphotyrosine antibody which is often labelled, or reagents for 



WO 95/14930 



9 



PCT/US94/13329 



labelling the anti-phosphotyrosine antibody are supplied with the kit. 
Sometimes, a homogeneous population of cells which have been transformed 
with a receptor construct as described herein are also provided with the 
kit. The kit also suitably includes instructions for carrying out the KIRA 
5 ELISA. 

BRIE? DEgCWmPN OF THE DSAWIflgS 
Figures 1A-1C are diagrammatic representations of Rse.gD (Figure 1A) , 
Receptor ECD/Rse.gD chimera (Figure IB) and a CHO cell transformed with the 
10 Receptor ECD/Rse.gD chimera (Figure 1C) . 

Figures 2 A and 2B depict an alignment of the amino acid sequence (SEQ 
ID NO: 1) and nucleotide sequence (SEQ ID NO: 2) of Rse.gD. The residues 
of the signal sequence are indicated with an (*) , the transmembrane domain 
of Rse is boxed and the ECD and ICD of Rse are also delineated. The 
15 residues of the gD flag sequence are underlined. 

Figure 3 is a flow diagram of an exemplary strategy for selecting a 
suitable capture agent for use in the assay. 

Figure 4 is a flow diagram of an exemplary strategy for selecting a 
transformed cell suitable for use in the assay, where the cell has a 
20 receptor construct with an amino- terminal flag polypeptide located in the 
cell membrane thereof. 

Figure 5 is a flow diagram of an exemplary strategy for selecting a 
transformed cell suitable for use in the assay, where the cell has a 
receptor construct with a carboxyl- terminal flag polypeptide located in the 
25 cell membrane thereof. 

Figure 6 is a flow chart and cartoon illustrating the KIRA ELISA 
assay for the HER2 receptor described in Example 1. 

Figure 7 depicts a pl85 HER2 /HRG(Jl 177 . 24 4 KIRA ELISA standard curve 
obtained using the assay described in Example 1. To obtain the standard 
30 curve, MCF-7 cells (2x10 s ) were stimulated with 3000, 1000, 333, 111, 37, 
12, 4, or 0 pM HRGP1 177 . 244# as determined by quantitative amino acid 
analysis (q.a.a.a.). Each calibrator concentration was run in triplicate. 
The values derived from 10 such standard curves were averaged (total n = 
30) and are presented as mean ABS 450/€50 + sd vs. HRG(3l 177 _ 244 concentration. 
35 Figure 8 depicts heregulin specificity of pl85 HER2 /HRG KIRA ELISA of 

Example 1. In the assay, MCF-7 cells (2x10 s ) were stimulated with either 
HRG&1 X77 . 244 (■) at 3000, 1000, 333, 111, 37, 12, 4 or 0 pM or IGF-1 (*) , EGF 
(□) , VEGF (•) or insulin (♦) at 30000, 10000, 3333, 1111, 370, 120, 40 or 
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0 pM. For all concentrations of lxgands, n = 3 and data are presented as 
average ABS 450/6S0 ± sd vs. ligand concentration. 

Figure 9 is a flow chart and cartoon illustrating the KIRA ELISA 
assay for the Rse receptor described in Example 2 . 
5 Figure 10 depicts a Rse KIRA ELISA standard curve obtained using the 

assay described in Example 2. To obtain the standard curve, CHO cells 
transformed with the Rse.gD construct were stimulated with 1:100, 1:200, 
1:400, 1:800, 1:1600, 1:3200 or 0 diluted, anti-Rse agonist antibody. Each 
calibrator concentration was run in triplicate. The values are presented 
10 as mean ABS 450 / g so ± sd vs . 1/dilution agonist antibody. 

Figure 11 is a flow chart and cartoon illustrating the KIRA ELISA 
assay for the trk receptors (i.e., trk A, trk B, and trk C) described in 
Example 3 . 

Figures 12A-12D depict an alignment of the amino acid acid sequence 

15 (SEQ ID NO: 3) and nucleotide sequence (SEQ ID NO: 4) of gD.trk A used in 
the assay described in Example 3. The residues of the signal sequence are 
indicated with an (*) , the residues of the gD flag sequence are underlined, 
the residues of the transmembrane domain of trk A are in bold and the ECD 
and ICD thereof are also delineated. 

20 Figures 13A-13D depict an alignment of the amino acid sequence (SEQ 

ID NO: 5) and nucleotide sequence (SEQ ID NO: 6) of gD.trk B used in the 
assay described in Example 3 . The residues of the signal sequence are 
indicated with an (*) , the residues of the gD flag sequence are underlined, 
the residues of the transmembrane domain of trk B are in bold and the ECD 

25 and ICD thereof are also delineated. 

Figures 14A-14D depict an alignment of the amino acid sequence (SEQ 
ID NO: 7) and nucleotide sequence (SEQ ID NO: 8) of gD.trk C used in the 
assay described in Example 3. The residues of the signal sequence are 
indicated with an (*) , the residues of the gD flag sequence are underlined, 

30 the residues of the transmembrane domain of trk C are in bold and the ECD 
and ICD thereof are also delineated. 

Figures 15A-15C depict standard curves for trk A, B and C, 
respectively, which were obtained using the assay described in Example 3. 
To obtain the standard curves, CHO cells transformed with the gD.trk 

35 constructs were stimulated with 3000, 1000, 333, 111, 37, 12, 4 or 0 pM of 
ligand, i.e. nerve growth factor (NGF, ■) , neurotrophin 3 (NT3 , •) or 
neurotrophin 5 (NTS, *) . The values are presented as mean ABS 450/650 ± sd vs. 
ligand concentration. 
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Figures 16A-16L depict the nucleotide sequence (SEQ ID NO: 9) of the 
pSVH7 . ID.LL expression vector used for expression of Rse.gD in Example 2- 
Figure 17 is a diagrammatic representation of the MPL/Rse.gD chimeric 
receptor described in Example 4 . 
5 Figure 18 is a flow chart and cartoon illustrating the KIRA ELISA for 

the AfPL/Rse.gD chimeric receptor described in Example 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

i. Abbreviations and Pe5initaons 

"rPTK" means a receptor protein tyrosine kinase. 

10 "ECD" , "TM domain" and "ICD" refer to the extracellular domain, 

transmembrane domain and intracellular domain of a rPTK, respectively. 

"Kinase Receptor Activation" or "KIRA" when used throughout this 
application refers to the first stage of the instantly claimed assay 
wherein a cell -bound rPTK is exposed to a potential agonist /antagonist 

15 ligand which may (or may not) induce phosphorylation of tyrosine residues 
in the intracellular domain of the rPTK. The KIRA is generally carried out 
in the "first assay plate" as defined herein. 

"Enzyme- Linked Immunosorbent Assay" or "ELISA 11 refers to the second 
stage of the instantly claimed assay and involves measuring tyrosine 

20 phosphorylation of the rPTK. The ELISA is normally carried out in the 
"second assay plate" as disclosed in this application. The ELISA is a 
"sandwich ELISA" insofar as it involves capturing the rPTK or receptor 
construct to the second solid phase (usually the well of an ELISA 
microtiter plate) . ELISA assays generally involve the preparation of 

25 enzyme -antibody conjugates. The conjugated enzyme cleaves a substrate to 
generate a colored reaction product that can be detected 
spectrophotometrically. In this assay, the absorbance of the colored 
solution in individual microtiter wells is proportional to the amount of 
phosphotyrosines . A review of ELISA is found in Current Protocols in 

30 Mnlfipular Biology . Vol. 2, chapter 11 (1991). While the term "ELISA" is 
used to describe the second stage of the instant assay, it is only a 
preferred embodiment of the invention, since, as disclosed herein, 
techniques other than enzymatic detection are available for measuring 
binding of the ant i-phospho tyro sine antibody to the activated receptor. 

35 The terms "receptor", "kinase receptor", "tyrosine kinase", "tyrosine 

kinase receptor", "receptor protein tyrosine kinase" and "rPTK" are used 
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interchangeably herein and refer to a protein having at least one phosphate 
accepting phenolic group. The protein is usually a receptor insofar as it 
has a ligand- binding ECD, TM domain and ICD. The ICD usually comprises a 
catalytic kinase domain and has one or more phosphate accepting tyrosine 
5 residues. See Figures 1A and IB, for example. Examples of tyrosine kinase 
receptors include the xnsulin receptor, insulin related receptor, epidermal 
growth factor receptor (EGF-R) , platelet -derived growth factor receptors 
A and B (PDGF-R-A and PDGF-R-B) . insulin- like growth factor 1 receptor 
(IGF-l-R) , macrophage colony- stimulating factor receptor (M-CSF-R) , 

10 HER2/neu/c-erbB-2 receptor, HER3 / c - erbB- 3 receptor, Xmrk receptor, IRR 
receptor, fibroblast growth factor (FGF) receptors bek and fig, c-kit 
receptor, Flk/kDR receptor, Rse receptor, the Eph, Elk, Eck, Eek, Erk, 
Cek4/Mek4/HEK and CekS receptors, Axl receptor, hepatocyte growth factor 
receptor (HGF-R) , Fltl VEGF receptor, SAL-SI receptor, HpTK 5 receptor, 

15 trkA receptor, trkB receptor, and trkC receptor. See, for example, Ullrich 
and Schlessinger 81:203-212 (1990); Fantl et al., Annu. Rev. Biochem. 

62:453-481 (1993); Mark et al., Journal Of Biological Chemistry 

269(14) :10720-10728 (1994); and WO 93/15201. 

The terms mentioned above encompass chimeric "receptor" molecules 

20 which comprise at least the extracellular domain of a selected tyrosine 
kinase and the intracellular domain, and optionally, the transmembrane 
domain of another tyrosine kinase. Of course, the tyrosine kinase of 
interest can provide the transmembrane domain and/or intracellular domain. 
The terms' also encompass amino acid sequence variants and covalent 

25 derivatives of the various rPTKs provided they still display tyrosine 
kinase phosphorylation activity in the KXRA ELISA. Therefore, the variants 
will general have conservative amino acid alterations. The individual 
domains of the tyrosine kinase can be delineated based on sequence homology 
to known tyrosine kinases and hydrophobicity plots. For example, the 

30 hydrophobic transmembrane domain can be readily determined and the ECD and 
ICD are usually amino- terminal and carboxyl terminal to the transmembrane 
domain, respectively. Conveniently, the transmembrane domain and ICD of the 
Rse receptor can be fused to the ECD of a tyrosine kinase of interest, 
thereby forming a chimeric receptor which is encompassed by the terms 

35 denoting a receptor as mentioned above. 

In the preferred embodiment, the rPTK is selected from the group 
consisting of HER2 receptor (Ullrich and Schlessinger, supra) , Rse receptor 
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(Mark et al. t supra and SEQ ID NO: 1), trk A receptor (SEQ ID NO: 3), trk 
B receptor (SEQ ID NO: 5) and trk C receptor (SEQ ID NO: 7). 

By "autophosphorylation" is meant activation of the catalytic kinase 
domain of the rPTK, whereby at least one intrinsic tyrosine residue is 
5 phosphorylated. Generally, autophosphorylation will result when an agonise 
molecule binds to the extracellular domain of the kinase receptor. Without 
being limited to any particular mechanism of action, it is thought that 
binding of the agonist molecule may result in oligomerization of the kinase 
receptor which causes activation of the catalytic kinase domain. 

10 By "solid phase" is meant a non-aqueous matrix to which the cells (in 

the KIRA stage of the assay) or the capture agent (in the ELISA stage of 
the assay) can adhere. Usually, the solid phase comprises the well of an 
assay plate but the invention is by no means limited to this embodiment. 
For example, the solid phase can comprise a discontinuous solid phase of 

15 discrete particles. The particles can be porous and formed from a number 
of different materials, e.g., polysaccharides (e.g. agarose), 
polyacrylamides , polystyrene, polyvinyl alcohol, silicones and glasses. 
For examples of suitable particulate solid phases, see U.S. Patent No. 
4,275,149. 

20 By "well" is meant a recess or holding space in which an aqueous 

sample can be placed. The well is provided in an "assay plate". The 
invention usually employs a "first assay plate" which is formed from a 
material (e.g. polystyrene) which optimizes adherence of cells (having the 
receptor or receptor construct) thereto. Generally, the individual wells 

25 of the first assay plate will have a high surface area to volume ratio and 
therefore a Suitable shape is a flat bottom well (where the cells are 
adherent) . The "second assay plate" is generally formed from a material 
(e.g. polystyrene) which optimizes adherence of the capture agent thereto. 
The second assay plate may have the same general construction and/or 

30 characteristics as the first assay plate. However, separate plates are used 
for the KIRA stage of the assay and the ELISA stage of the assay. 

In the preferred embodiment of the invention, both the first assay 
plate and the second assay plate are "microtiter " plates. The term 
"microtiter" plate when used herein refers to an 

35 assay plate having between about 30 to 200 individual wells, usually 96 
wells. Often, the individual wells of the microtiter plate will hold a 
maximum volume of about 250/zl. Conveniently, the first assay plate is a 96 
well polystyrene or plastic, cell culture microtiter plate (such as that 
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sold by Becton Dickinson Labware, Lincoln Park, NJ) , which allows for 
automation. Often, about SOul to 300jzlf more preferably 100/xl to 200/il* 
of an aqueous sample comprising cell culture media with the cells suspended 
therein will be added to each well of the first assay plate in the KIRA 
5 stage of the assay. It is desirable to seed between about 1 x 10 4 to 3 x 10 s 
cells per well. More preferably, 5 x 10 4 to 1 x 10 s cells per well are 
seeded. Usually, the second assay plate will comprise a polystyrene 
microti ter ELISA plate such as that sold by Nunc Maxisorp, Inter Med, 
Denmark . 

10 The term "homogeneous population of cells" refers to a substantially 

homogeneous population of cells wherein at least about 80%, and preferably 
about 90%, of the cells in the population are of the same cell type. 
Therefore, it is convenient to use a cell line. The cell line is a 
eukaryotic cell line, normally an animal cell line and desirably a 

15 mammalian cell line. 

The cells have, or are transformed to produce, the selected receptor 
or a receptor construct. For example, where the kinase receptor is known 
to be present in a certain cell line (e.g., the HER2 receptor in the MCF-7 
cell line) no transformation step is required. Conversely, it may be 

20 necessary to transform a cell with a nucleic acid encoding the receptor, 
where the cell does not make the receptor, or does not have suitable 
numbers of the receptor in the cell membrane thereof. Accordingly, the cell 
is transformed with a nucleic acid encoding the receptor (or receptor 
construct) and the nucleic acid is expressed so that the ECD of the 

25 receptor faces the external milieu of the cell, the transmembrane domain 
is located in the cell membrane and the kinase domain is located 
intracellular ly . 

Where the assay relies on activating the endogenous rPTK, a cell line 
is selected which is known to produce the rPTK of interest, provided 

30 sufficient levels of the rPTK are present in the cell membrane thereof to 
enable detection. As a general proposition, a minimum number of about 1 x 
10* receptors /cell is required. For example, the MCF-7 cell line (ATCC-HTB 
22) which produces the HER2 receptor was shown to be useful in the assay. 
There are 5 x 10 4 HER2 receptors /MCF-7 cell. Examples of other cell lines 

35 and their respective rPTKs include, embryonic mouse 3T3-C2 fibroblast cell 
line and the insulin receptor, and Hep 3B (ATCC # HB 8064) cell line and 
the Rse receptor. However, the degree of expression of the rPTK nucleic 
acid in the cell line is not so high that it results in constitutive 
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phosphorylation of the rPTK. For example, the SK-BR-3 cell line (ATCC 
HTB30) , which has 3 x 10 s HER2 receptors/ cell , was found to be unsuitable 
for use in the assay disclosed herein. Therefore, it may be useful to use 
a cell line which has less than about 3 x 10 6 receptors/cell, depending on 
5 the type of receptor. The number of receptors/cell can be measured using 
Scatchard analysis, for example (Scatchard, Ann. NY Acad. Sci . 51:660-672* 
[1949]; and Goodwin et al., Qsll 73:447-456 [1993]). However, selection of 
a cell line having a suitable number of receptors/cell is possible using 
the techniques described herein. 
10 The term "adherent" when used herein to describe the cell, refers to 

a cell which naturally adheres to the first solid phase (often the well of 
the first assay plate) , thereby forming a fairly uniform coating of the 
cells on the inside surface of the well. The uniform coating of cells 
generally forms following incubation of the cells in the wells of the first 
15 assay plate for about 8-16 hours. After incubation, non-adhering cells and 
cell culture medium are decanted off the first assay plate. Incubation is 
usually carried out at a temperature which is optimal for cell growth, i.e, 
about 37°C. Examples of adherent cell lines include CHO cells (Urlaub and 
Chasin, Prog, Natl. Acafl. gc j , Vgft 77:4216 [1980]), MCF-7 cells (ATCC H3 
20 22), 293 cells (Graham et al., J. Gen Virol. 36:59 [1977]), Swiss albino 
3T3 fibroblast cell line (ATCC No. CCL 92) and U937 macrophage cell line 
(ATCC No. CRL 1593) . 

A "flag polypeptide" comprises a short polypeptide which has enough 
residues to provide an epitope (preferably a linear epitope) against which 
25 a "capture agent" thereagainst can be made, yet is short enough such that 
it does not interfere with activity of the rPTK. The flag polypeptide is 
also sufficiently unique so that the capture agent thereagainst does not 
bind to other reagents in the assay. Selection of a "unique" flag 
polypeptide sequence can be accomplished by comparing the sequence of a 
30 proposed flag polypeptide against other known sequences in Genbank or EMBL, 
for example. Suitable flag polypeptides generally have at least 6 amino 
acid residues and usually between about 8-80 amino acid residues 
(preferably between about 9-30 amino acid residues) . 

By "receptor construct" is meant a polypeptide which comprises a 
35 fusion of a kinase receptor and a flag polypeptide as defined above. The 
flag polypeptide is provided at a location in the receptor construct such 
that: a) the flag polypeptide does not interfere with ligand binding to 
the receptor; b) the flag polypeptide does not interfere with 
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aucophosphorylation of the receptor and c) the flag polypeptide is 
presented in a suitable configuration so that it can bind to the capture 
agent in the ELISA stage of the assay. Often, the polypeptide flag will be 
present at the N- terminus of the receptor construct. See, for example, 
5 Example 3 which refers to the gD.trk constructs. Alternatively, the flag 
polypeptide may be present at the C- terminus of the receptor construct. 
See, for example, Example 2 which refers to the Rse.gD construct. See also 
Figures 1A-1C. The Rse construct disclosed herein is particularly useful, 
since the ICD (and optionally the transmembrane domain) thereof can be 

10 fused to the ECD of a kinase receptor of interest, thereby obviating the 
need to establish where the flag polypeptide should be located with respect 
to the kinase receptor of interest. 

"Rse.gD" refers to a receptor construct which is the Rse receptor 
protein tyrosine kinase with the Herpes Simplex virus glycoprotein D (gD) 

15 flag polypeptide fused to the COOH-terminus thereof. 

"Rse. flag reagent" refers to a polypeptide which comprises the ICD 
of the Rse receptor fused at its COOH-terminus to a flag polypeptide 
(normally the gD flag polypeptide) . Sometimes, the TM domain of Rse and 
the ECD of a rPTK of interest will also be present in the Rse.gD. reagent. 

20 "Receptor ECD/Rse.gD Chimera" refers to a fusion of the ECD of a rPTK of 
interest to the TM and ICD domains of Rse which are fused COOH- terminally 
to the gD flag polypeptide. 

"gD.trkA", "gD.trkB" and "gD.trkC" refer to each of the trk receptors 
(A-C) having the gD flag polypeptide fused to the amino- termini thereof. 

25 By "capture agent" is meant a compound or agent which is able to 

adhere to the second solid phase, as herein defined, and which is selective 
for a rPTK or receptor construct. Thus, the capture agent captures the 
receptor or receptor construct to the wells of the second assay plate. 
Usually, the capture agent binds selectively to the flag polypeptide which 

30 has been fused to the receptor of interest. Binding of the capture agent 
is not affected by the presence or absence of ligand bound to the receptor 
and does not induce receptor activation upon capture. Furthermore, the 
capture agent does not sterically block access to the phosphorylated 
tyrosine (s) by the anti-phosphotyrosine antibody. Means for selecting 

35 suitable capture agents are described herein. Generally, the capture agent 
will comprise an antibody (e.g., an affinity purified polyclonal antibody 
or a monoclonal antibody) , but other selective agents, such as streptavidin 
which binds selectively to the "strep- tag" polypeptide can also be used 
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(see Schmidt ec al . , Protein Engineering 6(1>:109-122 [1993]). 

Streptavidin can be purchased commercially from Zymed Laboratories, S. San 
Francisco, CA, for example. Alternatively, the capture agent can comprise 
protein A (which binds specifically to immunoglobulins) . In this 

5 embodiment of the invention, the activated receptor or receptor- construct 
present m the cell lysate is incubated with an antibody which binds 
specifically thereto, thereby forming a receptor -antibody complex. This 
complex can be captured by protein A by virtue of its specific binding to 
the antibody present in the complex. Protein A can be purchased 

10 commercially from Pharmacia Biotech, Inc., Piscataway, New Jersey, for 
example. A strategy for selecting a suitable capture agent is depicted in 
Figure 3 and will be described in more detail later herein. 

In the most preferred embodiment, the capture agent is a monoclonal 
antibody which binds specifically to a flag polypeptide (which is present 

15 in the receptor construct) . Examples of suitable flag polypeptides and 
their respective capture antibodies include the flu . HA flag and its 
antibody 12CA5, (Field et al., Mol. Cell. Biol. 8:2159-2165 [1988]); the 
c-myc flag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto (Evan 
et al. f Molecular and Cellular Pioitogy 5<12) : 3610-3616 [1985]); as well as 

20 the Herpes Simplex virus glycoprotein D (gD) flag and the SB6 antibody 
thereto (Paborsky et al . , Protein Engineering 3(6):547-553 [1990] and Mark 
et al., Journal of Biological Chemistry 269 (14) : 10720-10728 [1994]). Other 
flag polypeptides have been disclosed. Examples include the Flag-peptide 
(Hopp et al., BioTechnology 6:1204-1210 [1988]); the KT3 epitope peptide 

25 (Martin et al . , Science 255:192-194 [1992]); an a-tubulin epitope peptide 
(Skinner et al., J. Biol. Chem 266:15163-15166 [1991]); and the T7 gene 10 
protein peptide tag (Lutz-Freyermuth et al . , Proc. Natl. Acad. Sci . USA 
87:6393-6397 [1990]). Once the flag polypeptide has been selected as 
discussed above, a capture antibody thereto can be generated using the 

30 techniques disclosed herein. 

The term "analyte" refers to a compound or composition to be studied, 
usually to investigate its ability to activate (or prevent activation of) 
the tyrosine kinase receptor of interest. The analyte can comprise a 
bodily fluid (such as plasma or amniotic fluid) or a composition known to 

35 contain, or suspected of containing, a ligand for the tyrosine kinase 
receptor. The analyte can also comprise a cell which has a ligand to the 
rPTK of interest. 
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"Ligand" when used herein refers to a molecule which is able to bind 
to the ECD of the tyrosine kinase of interest or to a known agonist for the 
tyrosine kinase of interest. The ligand will usually be an agonist or 
antagonist for the tyrosine kinase. 
5 By "agonist" is meant a molecule which is able activate the 

intracellular kinase domain of the tyrosine kinase upon binding to the ECD. 
Often, the agonist will comprise a growth factor (i.e., a polypeptide that 
is able to stimulate cell division) . Exemplary growth factors include 
heregulin (HRG) , insulin, insulin- like growth factors I and II (IGF- 1 and 
10 IGF-II) , epidermal growth factor (EGF) , interleukins (e.g., IL-8) , 
macrophage colony- stimulating factor (M-CSF) , erythropoietin (EPO) , 
platelet-derived growth factor (PDGF) , fibroblast growth factor (FGF) , 
transforming growth factors alpha and beta (TGF-ot and TGF-p) , hepatocyte 
growth factor (HGF) , and nerve growth factor (NGF) . Alternatively, the 
15 agonist can be an antibody against the rPTK (see, e.g., Yarden, Proc. Natl. 
Acad. Sci.. USA 87:2569-2573 [1990]). However, other non-protein agonists 
such as small organic molecules are also encompassed by the invention. 

By "antagonist" is meant a molecule which blocks agonist action. 
Usually, the antagonist will either: (a) bind to the rPTK and thereby 
20 block binding and/or activation of the rPTK by an agonist thereto (the 
antagonist may bind to the ECD of the rPTK, but this is not necessarily the 
case) or (b) bind to the agonist and thus prevent activation of the rPTK 
by the agonist. This assay facilitates the detection of both types of 
antagonist. The antagonist may, for example, comprise a peptide fragment 
25 comprising the receptor binding domain of the endogenous agonist ligand for 
the receptor. The antagonist may also be an antibody which is directed 
against the ECD of the rPTK, or against a known agonist for the rPTK. 
However, other non-protein molecules are also encompassed by this term. 

The term "antibody" is used in the broadest sense and specifically 
30 covers monoclonal antibodies and antibody compositions with polyepi topic 
specificity (i.e. polyclonal antibodies) . The polyclonal antibodies are 
preferably "affinity purified" antibodies. The term "affinity purified" 
means that the antibodies have been purified using the antigen (e.g. the 
rPTK or fragment thereof or the flag polypeptide) to selectively purify the 
35 polyclonal antibodies. Affinity purification can be achieved by 
immobilizing the antigen on an affinity column (e.g. an agarose column) and 
passing the polyclonal antibodies through the column. The affinity 
purified antibodies can be subsequently eluted from the column by cnanging 
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the elution conditions or by adding a chaotropic agent, for example. For 
a review of affinity purification techniques with respect to antibodies, 
see Current Protocols in ImmmPlpgy, Ed. Coligen et al., Wiley publishers, 
Vols. 1 and 2, for example. 
5 The term "monoclonal antibody" as used herein refers to an antibody 

obtained from a population of substantially homogeneous antibodies, i.e., 
the individual antibodies comprising the population are identical except 
for possible naturally-occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly specific, being directed against 
10 a single antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include different 
antibodies directed against different determinants (epitopes) , each 
monoclonal antibody is directed against a single determinant on the 
antigen. 

15 The monoclonal antibodies herein include hybrid and recombinant 

antibodies produced by splicing a variable (including hypervariable) domain 
of a selected antibody with a constant domain (e.g. "humanized" 
antibodies) , or a light chain with a heavy chain, or a chain from one 
species with a chain from another species, or fusions with heterologous 

20 proteins, regardless of species of origin or immunoglobulin class or 
subclass designation, as well as antibody fragments (e.g.. Fab, F(ab') 2 * 
and Fv) , so long as they exhibit the desired biological activity. [See, 
e.g. U.S. Patent No. 4,816,567 and Mage & Lamoyi, in Monoclonal Antibody 
Production Techniques and Applications, pp. 79-97 (Marcel Dekker, Inc., New 

25 York (1987) ] . 

Thus, the modifier "monoclonal" indicates the character of the 
antibody as being obtained from a substantially homogeneous population of 
antibodies, and is not to be construed as requiring production of the 
antibody by any particular method. For example, the monoclonal antibodies 

30 to be used in accordance with the present invention may be made by the 
hybridoma method first described by Kohler & Milstein, Nature . 256: 495 
(1975), or may be made by recombinant DNA methods (U.S. Patent No. 
4,816,567). The "monoclonal antibodies" may can also be isolated from 
phage antibody libraries using the techniques described in Clackson et al., 

35 Hfl£u££, 352: 624-628 (1991) and Marks et al., J. Mol . Biol. . 222: 581-597 
(1991), for example. 

The term "anti-phosphotyrosine antibody" refers to a molecule, 
usually an antibody, which binds selectively to phosphorylated tyrosine 
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residues in the kinase domain of a rPTK. The antibody can be polyclonal, 
but is desirably a monoclonal antibody. Ant i-phospho tyro sine polyclonal 
antibodies can be made using the techniques disclosed in White and Backer, 
Methods in Enzvmologv 201:65-67 [1991] and monoclonal ant i-phospho tyrosine 
5 antibodies can be obtained commercially from Upstate Biologicals, Inc. 

(UBI, Lake Placid, NY), for example. x 

The word "label" when used herein refers to a detectable compound or 
composition which is conjugated directly or indirectly with a molecule 
(such as the ant i-phospho tyrosine antibody) . The label may be detectable 
10 by itself (e.g. radioisotope labels or fluorescent labels) or, in the case 
of an enzymatic label, may catalyze a chemical alteration of a substrate 
compound or composition which is detectable. The preferred label is an 
enzymatic one which catalyzes a color change of a non- radioactive color 
reagent . 

15 By "washing" is meant exposing the solid phase to an aqueous solution 

(usually a buffer or cell culture media) in such a way that unbound 
material {e.g., non-adhering cells, non-adhering capture agent, unbound 
ligand, receptor , receptor construct, cell lysate, or ant i-phospho tyrosine 
antibody) is removed therefrom. To reduce background noise, it is 

20 convenient to include a detergent (e.g. Triton X) in the washing solution. 
Usually, the aqueous washing solution is decanted from the wells of the 
assay plate following washing. Conveniently, washing can be achieved using 
an automated washing device. Sometimes, several washing steps (e.g., 
between about 1 to 10 washing steps) may be required. 

25 By "block buffer" is meant an aqueous, pH buffered solution 

containing at least one blocking compound which is able to bind to exposed 
surfaces of the second solid phase which are not coated with capture agent. 
The blocking compound is normally a protein such as bovine serum albumin 
(BSA) , gelatin, casein or milk powder and does not cross -react with any of 

30 the reagents in the assay (e.g., the ant i-phospho tyrosine antibodies and 
detection reagents) . The block buffer is generally provided at a pH 
between about 7 to 7.5 and suitable buffering agents include phosphate and 
TRIS . 

By "lysis buffer" is meant an aqueous, pH buffered solution * 
35 comprising a solubilizing detergent, one or more protease inhibitors and 

at least one phosphatase inhibitor (such as sodium orthovanadate) . The r 
term "solubilizing detergent" refers to a water miscible, non- ionic 
detergent which lyses cell membranes of eukaryotic cells but does not 
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denacure or activate the receptor or receptor construct. Examples of 
suitable non-ionic detergents include Triton-X 100, Tween 20, CHAPS and 
Nonidet P-40 (NP40) available from Calbiochem, La Jolla, California, for 
example. Many other non- ionic detergents are available in the art. Examples 
5 of suitable protease inhibitors include phenylmethylsulf onyl fluoride 
(PMSF) , leupeptin, pepstatm, aprocimn, 4- (2 -aminoethyl) -benzene sulf onyl 
fluoride hydrochloride -bes tat in, chymostatin and benzamidine. 
Preservatives (e.g., thimerosal) and one or more compounds which maintain 
the isotonicity of the solution (e.g., sodium chloride [NaCl] or sucrose) 

10 and a buffer (e.g., Tris or PBS) are usually also present. Generally, the 
pH of the lysis buffer is in the range about 7 to 7.5. 

Usually, following addition of the lysis buffer to the first assay 
plate, the first assay plate is "gently agitated" and this expression 
refers to the act of physically shaking the first assay plate (normally 

15 using a circular motion) at a substantially low velocity. Gentle agitation 
does not involve mechanically disrupting the cells (e.g. by homogenizing 
or centrifuging the cells) . Exemplary shaking velocities are in the order 
of 200 to 500 rpm, preferably 300 to 400 rpm in a Bellco orbital shaker, 
for example. 

20 II. Modes for Practicing the Invention 

1. Kinase Receptor Activation - KTRA 

The first stage of the assay involves phosphorylation of the kinase 
domain of a kinase receptor, wherein the receptor is present in the cell 
membrane of a eukaryotic cell. The receptor may be an endogenous receptor 
25 or nucleic acid encoding the receptor may be transformed into the cell. In 
one embodiment of the invention, nucleic acid encoding a receptor construct 
is transformed into the cell. Exemplary techniques for transforming the 
cell with either the receptor or the receptor construct nucleic acid 
follow. 

30 A. Transformation of the cells 

The instant invention provides a substantial improvement over soluble 
kinase receptor assays insofar as it is considered to more accurately 
reflect the activity of the receptor in situ. It has been discovered that 
it is possible to transform eukaryotic cells with a receptor construct 

35 (comprising the kinase receptor and either an amino- or carboxyl- terminal 
flag polypeptide) so that the receptor construct assembles itself 
appropriately in the cell membrane and still retains tyrosine kinase 
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activity which can be detected in the ELISA stage of the assay. This 
provides a generic assay for measuring tyrosine kinase activity of any 
tyrosine kinase of interest. 

If a suitable capture agent as described herein is available for a 
5 selected rPTK, cells can be transformed with the nucleic acid encoding the 
receptor alone, without the flag polypeptide. Alternatively, if cells are 
available which produce the receptor (e.g., MCF-7 cells which produce the 
HER2 receptor) , it is not necessary to transform the cells for use in the 
assay. 

10 In order to transform the cells with the nucleic acid encoding the 

rPTK or receptor construct, nucleic acid encoding the rPTK and, optionally, 
the flag polypeptide, is isolated. This can be achieved by screening a cDNA 
or genomic library known to contain the DNA encoding the rPTK or flag 
polypeptide of interest with a selected labelled probe (e.g., an antibody 

15 or oligonucleotide- probe) for the rPTK or flag polypeptide, using standard 
procedures as described in chapters 10-12 of Sambrook et al., Molecular 
Cloning : A Laboratory Manual (New York: Cold Spring Harbor Laboratory 
Press, 1989) , for example. Alternatively, the nucleic acid encoding the 
flag polypeptide can be made synthetically using an oligo- synthesizing 

20 machine (Applied Biosystems, CA) . An alternative means to isolate the 
nucleic acid encoding the rPTK or flag polypeptide is to use PCR 
methodology as described in section 14 of Sambrook et al., supra. 
Isolation of only the ECD of the rPTK of interest is required, since this 
nucleic acid can be fused to the nucleic acid encoding the TM and I CD of 

25 the Rse-flag polypeptide construct disclosed herein. See Figures 1A - 1C 
and SEQ ID NOS : 1 and 2. If necessary however, conventional primer 
extension procedures as described in section 7.79 of Sambrook et al., 
supra, can be used to detect precursors and processing intermediates of 
mRNA that may not have been reverse- transcribed into cDNA. 

3 0 A preferred method of practicing this invention is to use carefully 

selected oligonucleotide sequences to screen cDNA libraries from various 
tissues, preferably mammalian cell lines having the rPTK of interest. The 
oligonucleotide sequences selected as probes should be of sufficient length 
and sufficiently unambiguous that false positives are minimized. 
3 5 The oligonucleotide must be labeled such that it can be detected upon 

hybridization to DNA in the library being screened. The preferred method 
of labeling is to use 32 P- labeled ATP with polynucleotide kinase, as is 
well known in the art, to radiolabel the oligonucleotide. However, other 
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methods may be used to label the oligonucleotide, including, but not 
limited to, biotinylation or enzyme labeling. 

In order to provide nucleic acid encoding a receptor construct, 
nucleic acid encoding the rPTK is fused at its 3' end to nucleic acid 
5 encoding the N- terminus of the flag polypeptide. Alternatively, the nucleic 
acid encoding the rPTK will be fused at its 5 1 end to nucleic acid encoding 
the carboxyl terminus of the flag polypeptide. Thus, the flag polypeptide 
is provided at either the carboxyl- or amino- terminus of the receptor 
construct. Examples of suitable flag polypeptides are provided above. 

10 Selection of other suitable flag polypeptides is possible using the 
techniques described herein. 

In order to generate fusions between the Rse.flag reagent and a rPTK 
of interest, the nucleic acid encoding the ECD of the rPTK of interest is 
fused at its 3 1 end to the nucleic acid encoding the amino terminus of the 

15 Rse.flag reagent. 

The nucleic acid (e.g., cDNA or genomic DNA) encoding the rPTK or 
receptor construct is then inserted into a replicable vector for further 
cloning (amplification of the DNA) or for expression. Many vectors are 
available to the skilled practitioner but must be compatible with the cell 

20 which is to be used in the assay. The vector will have vector components 
the presence of which will depend on various factors . Such components 
include, for example, a signal sequence, an origin of replication, one or 
more marker genes, an enhancer element, a promoter, and a transcription 
termination sequence. Selection of these vector components shall be 

25 described below. 

Incorporation of a signal sequence into the expression vector is 
required since the rPTK or receptor construct must be transported to the 
cell membrane where it is positioned such that the ECD faces the external 
milieu of the cell. Therefore, a signal sequence suitable for positioning 

30 the rPTK or receptor construct in such a manner is used. The signal 
sequence is generally a component of the vector, or it may be a part of the 
rPTK or receptor construct DNA that is inserted into the vector. If a 
heterologous signal sequence is used, it is from those that are recognized 
and processed (i.e., cleaved by a signal peptidase) by the host cell. 

35 For yeast secretion the native signal sequence may be substituted by, 

e.g., the yeast invertase leader, alpha factor leader (including 
Saccharomyces and JCJL uyveromyces o- factor leaders, the latter described in 
U.S. Patent No. 5,010,182 issued 23 April 1991), or acid phosphatase 
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leader, the C. albicans glucoamylase leader (EP 362,179 published 4 April 
1990), or the signal described in WO 90/13646 published 15 November 1990. 
In mammalian cells expression of the DNA encoding the native signal 
sequence (e.g. , the rPTK pre-sequence that normally directs secretion of 
5 rPTK from mammalian cells in vivo) is satisfactory, although other 
mammalian signal sequences may be suitable, such as signal sequences from 
other animal rPTKs, and signal sequences from secreted polypeptides of the 
same or related species, as well as viral secretory leaders, for example, 
the herpes simplex gD signal. 
10 The DNA for such precursor region is ligated in reading frame to DNA 

encoding the rPTK or receptor construct. 

Both expression and cloning vectors contain a nucleic acid sequence 
that enables the vector to replicate in one or more selected host cells . 
Generally, in cloning vectors this sequence is one that enables the vector 
15 to replicate independently of the host chromosomal DNA, and includes 
origins of replication or autonomously replicating sequences . The 2^i 
plasmid origin is suitable for yeast, and various viral origins (SV40, 
polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in 
mammalian cells. Generally, the origin of replication component is not 
2 0 needed for mammalian expression vectors (the SV40 origin may typically be 
used only because it contains the early promoter) . 

Most expression vectors are "shuttle" vectors, i.e., they are capable 
of replication in at least one class of organisms but can be transformed 
into another organism for expression. For example, a vector is cloned in 
25 E. coli and then the same vector is transformed into yeast or mammalian 
cells for expression even though it is not capable of replicating 
independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This 
is readily accomplished using Bacillus species as hosts, for example, by 
30 including in the vector a DNA sequence that is complementary to a sequence 
found in Bacillus genomic DNA. Transformation of Bacillus with this vector 
results in homologous recombination with the genome and insertion of rPTK 
or receptor construct DNA. However, the recovery of genomic DNA encoding 
the rPTK or receptor construct is more complex than that of an exogenous ly 
35 replicated vector because restriction enzyme digestion is required to 
excise the rPTK or receptor construct DNA. 

Expression and cloning vectors usually contain a selection gene, also 
termed a selectable marker. This gene encodes a protein necessary for the 
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survival or growth of transformed host cells grown in a selective culture 
medium. Host cells not transformed with the vector containing the 
selection gene will not survive in the culture medium. Typical selection 
genes encode proteins that (a) confer resistance to antibiotics or other 
5 toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical nutrients not 
available from complex media. 

One example of a selection scheme utilizes a drug to arrest growth 
of a host cell. Those cells that are successfully transformed with a 

10 heterologous gene express the DNA encoding a protein conferring drug 
resistance and thus survive the selection regimen. Examples of such 
dominant selection use the drugs neomycin (Southern en al., J. Molec. AppI . 
Sgneju 1:327 [1982]), mycophenolic acid (Mulligan et al . , Science 209:1422 
[1980]) or hygromycin {Sugden et al., Mol . Cell. Biol. 5:410-413 [1985]). 

15 The three examples given above employ bacterial genes under eukaryotic 
control to convey resistance to the appropriate drug G418 or neomycin 
(geneticin) , xgpt (mycophenolic acid) , or hygromycin, respectively. 

Another example of suitable selectable markers for mammalian cells 
are those that enable the identification of cells competent to take up the 

20 rPTK or receptor construct nucleic acid, such as DHFR or thymidine kinase. 
The mammalian cell transf ormants are placed under selection pressure that 
only the transformants are uniquely adapted to survive by virtue of having 
taken up the marker. Selection pressure is imposed by culturing the 
transformants under conditions in which the concentration of selection 

25 agent in the medium is successively changed, thereby leading to 
amplification of both the selection gene and the DNA that encodes the rPTK 
or receptor construct. Amplification is the process by which genes in 
greater demand for the production of a protein critical for growth are 
reiterated in tandem within the chromosomes of successive generations of 

30 recombinant cells. Increased quantities of rPTK or receptor construct are 
synthesized from the amplified DNA. Other examples of amplifiable genes 
include metallothionein-I and -II, preferably primate metallothionein 
genes, adenosine deaminase, ornithine decarboxylase, etc. 

For example, cells transformed with the DHFR selection gene are first 

35 identified by culturing all of the transformants in a culture medium that 
contains methotrexate (Mtx) , a competitive antagonist of DHFR. An 
appropriate host cell when wild- type DHFR is employed is the Chinese 
hamster ovary (CHO) cell line deficient in DHFR activity, prepared and 
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propagated as described by Urlaub and Chasm, Proc . Natl . Acafl - Sei . USA 
77:4216 (1980) . The transformed cells are then exposed to increased levels 
of methotrexate. This leads to the synthesis of multiple copies of the 
DHFR gene, and, concomitantly, multiple copies of other DNA comprising the 
5 expression vectors, such as the DNA encoding the rPTK or receptor 
construct. This amplification technique can be used with any otherwise 
suitable host, e.g., ATCC No. CCL61 CHO-K1, notwithstanding the presence 
of endogenous DHFR if, for example, a mutant DHFR gene that is highly 
resistant to Mtx is employed (EP 117,060). 

10 Alternatively, host cells (particularly wild- type hosts that contain 

endogenous DHFR) transformed or co- transformed with DNA sequences encoding 
the rPTK or receptor construct, wild- type DHFR protein, and another 
selectable marker such as aminoglycoside 3 * phosphotransferase (APH) can 
be selected by cell growth in medium containing a selection agent for the 

15 selectable marker such as an aminoglycosidic antibiotic, e.g., kanamycin, 
neomycin, or G418. See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trpl gene present 
in the yeast plasmid YRp7 (Stinchcomb et al . , Nature 282:39 [1979]; 
Kingsman et al., Gene 7:141 [1979]; or Tschemper et al., Gene 10:157 

20 [1980] ) . The trpl gene provides a selection marker for a mutant strain of 
yeast lacking the ability to grow in tryptophan, for example, ATCC No. 
44076 or PEP4-1 (Jones, Genetics 85:12 [1977]). The presence of the £H£l 
lesion in the yeast host cell genome then provides an effective environment 
for detecting transformation by growth in the absence of tryptophan. 

25 Similarly, Leu2 -deficient yeast strains (ATCC 20,622 or 38,626) are 
complemented by known plasmids bearing the Leu2 gene. 

In addition, vectors derived from the 1.6 pim circular plasmid pKDl 
can be used for transformation of Kluyveromyces yeasts. Bianchi et al . , 
Curr. Genet. 12:185 (1987) . More recently, an expression system for large- 

30 scale production of recombinant calf chymosin was reported for K. lactis. 
Van den Berg, Bio/Technology 8:135 (1990). Stable multi-copy expression 
vectors for secretion of mature recombinant human serum albumin by 
industrial strains of Kluyveromyces have also been disclosed. Fleer et 
al., Pio/TSChn.Plo?V 9:968-975 (1991). 

35 Expression and cloning vectors usually contain a promoter that is 

recognized by the host organism and is operably linked to the rPTK or 
receptor construct nucleic acid. Promoters are untranslated sequences 
located upstream (5') to the start codon of a structural gene (generally 
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within about 100 to 1000 bp) chat control the transcription and translation 
of particular nucleic acid sequence, such as the rPTK nucleic acid 
sequence, to which they are operably linked. Such promoters typically fall 
into two classes, inducible and constitutive. Inducible promoters are 

5 promoters that initiate increased levels of transcription from DNA under 
their control in response to some change in culture conditions, e.g., the 
presence or absence of a nutrient or a change in temperature. At this time 
a large number of promoters recognized by a variety of potential host cells 
are well known. These promoters are operably linked to rPTK or receptor 

10 construct -encoding DNA by removing the promoter from the source DNA by 
restriction enzyme digestion and inserting the isolated promoter sequence 
into the vector. Both the native rPTK promoter sequence and many 
heterologous promoters may be used to direct amplification and/or 
expression of the rPTK or receptor construct DNA. The promoter will be one 
. 15 which results in the accumulation of suitable numbers of receptor or 
.receptor construct in the cell membrane of the transformed cell (i.e. so 
that autophosphorylation of the receptor is detectable in the ELISA but 
constitutive phosphorylation does not occur) . Selection of a suitable 
promoter to achieve this is possible following the guidelines herein for 

20 selecting cells for use in the KIRA ELISA. 

Virtually all eukaryotic genes have an AT- rich region located 
approximately 25 to 30 bases upstream from the site where transcription is 
initiated. Another sequence found 70 to 80 bases upstream from the start 
of transcription of many genes is a CXCAAT region where X may be any 

25 nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence 
that may be the signal for addition of the poly A tail to the 3 ' end of the 
coding sequence. All of these sequences are suitably inserted into 
eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with yeast hosts 

30 include the promoters for 3 -phosphoglycerate kinase (Hitzeman et al., J. 
Biol. Chem. 255:2073 [1980]) or other glycolytic enzymes (Hess et al., i. 
Adv. Enzyme Reg. . 7:149 [1968]; and Holland, Biochemistry 17-4900 [1978]), 
such as enolase, glyceraldehyde- 3 -phosphate dehydrogenase, hexokinase, 
pyruvate decarboxylase, phosphof ructokinase, glucose- 6 -phosphate isomerase, 

35 3 -phosphoglycerate mutase, pyruvate kinase, trios ephosphate isomerase, 
phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the 
additional advantage of transcription controlled by growth conditions, are 
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the promoter regions for alcohol dehydrogenase 2, isocytochrome C. acid 
phosphatase, degradacive enzymes associated with nitrogen metabolism, 
metallothionein, glycer aldehyde- 3 -phosphate dehydrogenase, and enzymes 
responsible for maltose and galactose utilization. Suitable vectors and 
5 promoters for use in yeast expression are further described in Hitzeman et 
al., EP 73,657A. Yeast enhancers also are advantageously used with yeast 
promoters . 

rPTK or receptor construct transcription from vectors in mammalian 
host cells is controlled, for example, by promoters obtained from the 
10 genomes of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 
published 5 July 1989) , adenovirus (such as Adenovirus 2) , bovine papilloma 
virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis -B 
virus and most preferably Simian Virus 4 0 (SV40) , from heterologous 
mammalian promoters, e.g., the actin promoter or an immunoglobulin 
15 promoter, from heat-shock promoters, and from the promoter normally 
associated with the rPTK or receptor construct sequence, provided such 
promoters are compatible with the host cell systems . 

The early and late promoters of the SV40 virus are conveniently 
obtained as an SV40 restriction fragment that also contains the SV40 viral 
20 origin of replication. Fiers et al . , Nature 273:113 (1978); Mulligan and 
Berg, Science 209:1422-1427 (1980); Pavlakis et al., Proc. Nat l. Acad. Sci. 
USA 78:7398-7402 (1981). The immediate early promoter of the human 
cytomegalovirus is conveniently obtained as a Hindi 1 1 E restriction 
fragment. Greenaway et al., Gene 18:355-360 (1982). A system for 
25 expressing DNA in mammalian hosts using the bovine papilloma virus as a 
vector is disclosed in U.S. 4,419,446. A modification of this system is 
described in U.S. 4,601,978. See also Gray et al., Nature 295:503-508 
(1982) on expressing cDNA encoding immune interferon in monkey cells; Reyes 
et al., Nature 297:598-601 (1982) on expression of human p-interferon cDNA 
30 in mouse cells under the control of a thymidine kinase promoter from herpes 
simplex virus; Canaani and Berg, Proc. Natl. Acad. Sci. USA 79:5166-5170 
(1982) on expression of the human interferon 31 gene in cultured mouse and 
rabbit cells; and Gorman et al., Proc. Natl. Acad. Sci. USA 79:6777-6781 
(1982) on expression of bacterial CAT sequences in CV-l monkey kidney 
35 cells, chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa cells, 
and mouse NIH-3T3 cells using the Rous sarcoma virus long terminal repeat 
as a promoter. 
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Transcription of DNA encoding the rPTK or receptor construct by 
higher eukaryotes may be increased, if increased numbers of the rPTK or 
receptor construct per cell are required to facilitate detection in the 
ELISA stage of the assay. This may be achieved by inserting an enhancer 
5 sequence into the vector. Enhancers are cis-acting elements of DNA, 
usually about from 10 to 300 bp, that act on a promoter to increase its 
transcription. Enhancers are relatively orientation and position 
independent, having been found 5' (Laimins et al . , Proc. Natl. Acad. Sci. 
HS& 78:993 [1981]) and 3* (Lusky ec al . , Mol . Cell Bio. 3:1108 [19B3J ) to 

10 the transcription unit, within an intron (Banerji et al., Cell 33:729 
[1983]), as well as within the coding sequence itself {Osborne et al., Mol. 
Cell Bio. 4:1293 [1984]). Many enhancer sequences are now known from 
mammalian genes (globin, elastase, albumin, a- fetoprotein, and insulin) . 
Typically, however, one will use an enhancer from a eukaryotic cell virus. 

15 Examples include the SV40 enhancer on the late side of the replication 
origin (bp 100-270) , the cytomegalovirus early promoter enhancer, the 
polyoma enhancer on the late side of the replication origin, and adenovirus 
enhancers. See also Yaniv, Nature 297:17-18 (1982) on enhancing elements 
for activation of eukaryotic promoters. The enhancer may be spliced into 

20 the vector at a position 5' or 3 1 to the rPTK or receptor construct- 
encoding sequence, but is preferably located at a site 5' from the 
promoter . 

Expression vectors used in eukaryotic host cells will also contain 
sequences necessary for the termination of transcription and for 

25 stabilizing the mRNA. Such sequences are commonly available from the 5' 
and, occasionally 3 1 , untranslated regions of eukaryotic or viral DNAs or 
cDNAs. These regions contain nucleotide segments transcribed as 
polyadenylated fragments in the untranslated portion of the mRNA encoding 
the rPTK or receptor construct. 

30 Construction of suitable vectors containing one or more of the above 

listed components employs standard ligation techniques. Isolated plasmids 
or DNA fragments are cleaved, tailored, and religated in the form desired 
to generate the plasmids required. 

For analysis to confirm correct sequences in plasmids constructed, 

35 the ligation mixtures are used to transform E. coli K12 strain 294 (ATCC 
31,446) and successful transformants selected by ampicillin or tetracycline 
resistance where appropriate. Plasmids from the transformants are 
prepared, analyzed by restriction endonuclease digestion, and/or sequenced 
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by the method of Messing et ai., Nucleic Acids Res. 9:309 (1981) or by the 
method of Maxam ec al . , Methods in Enzvmolocrv 65:499 (1980) . 

Other methods, vectors, and host cells suitable for adaptation to the 
synthesis of the rPTK or receptor construct in recombinant vertebrate cell 
5 culture are described in Gethmg et al.. Nature 293:620-625 (1981); Mantei 
et al., Nature 2 81:40-46 (1979); Levmson en al . ; EP 117,060; and EP 
117,058. A particularly useful plasmid for mammalian cell culture 
expression of rPTK or receptor construct DNA is pRK5 (EP 307,247) or pSVI6B 
(PCT pub. no. WO 91/08291 published 13 June 1991) . 

10 Examples of suitable eukaryotic cell lines for transformation include 

Saccharomyces cerevisiae, Schizosaccharomyces pombe (Beach and Nurse, 
Nature 290:140 [1981]; EP 139,383 published 2 May 1985); Kluyveromyces 
hosts (U.S. 4,943,529; Fleer et al.. Bio /Technology 9:968-975 [1991]) and 
Aspergillus hosts such as A. nidulans (Ballance et al., Biochem . Biophvs . 

15 Res. Comrnun. 112:284-289 [1983]; Tilburn et al . , Gene 26:205-221 [1983]; 
Yelton et al., Proc. Natl. Acad. Sci. USA 81:1470-1474 [1984]) and A. nlger 
(Kelly and Hynes, EMBO J. 4:475-479 [1985]), among lower eukaryotic host 
microorganisms . 

Examples of useful animal host cell lines for transformation include 

20 monkey kidney CV1 line transformed by SV40 (COS -7 , ATCC CRL 1651); human 
embryonic kidney line (293 or 293 cells subcloned for growth in suspension 
culture, Graham et al., J. Gen Virol. 36:59 [1977]); baby hamster kidney 
cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, Urlaub 
and Chasin, Proc. Natl. Acad. Sci. USA 77:4216 [1980]) ; mouse Sertoli cells 

25 (TM4, Mather, Biol. Reprod. 23:243-251 [1980]); monkey kidney cells (CV1 
ATCC CCL 70) ; African green monkey kidney cells (VERO-76, ATCC CRL- 158 7) ; 
human cervical carcinoma cells (HELA, ATCC CCL 2) ; canine kidney cells 
(MDCK, ATCC CCL 34) ; buffalo rat liver cells (BRL 3A, ATCC CRL 1442) ; human 
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse 

30 mammary tumor (MMT 060562, ATCC CCL51) ,* TRI cells (Mather et al . , Annals 
N.Y. Acad. Sci. 383:44-68 [1982]); MRC 5 cells; FS4 cells; and a human 
hepatoma line (Hep G2) . 

Host cells are transformed with the above -described expression or 
cloning vectors of this invention and cultured in conventional nutrient 

35 media modified as appropriate for inducing promoters, selecting 
transf ormants , or amplifying the genes encoding the desired sequences. 
Transformation means introducing DNA into an organism so that the DNA is 
replicable, either as an extrachromosomal element or as a chromosomal 
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integrant. Depending on the host cell used, transformation is done using 
standard techniques appropriate to such cells. Successful transformation 
is generally recognized when any indication of the operation of this vector 
occurs within the host cell, 
5 For mammalian cells, the calcium phosphate precipitation method of 

Graham and Van der Eb, Virology 52:456-457 (1978) is preferred. General 
aspects of mammalian cell host system transformations have been described 
by Axel in U.S. 4,399,216 issued 16 August 1983. Transformations into 
yeast are typically carried out according to the method of Van Solingen et 

10 al., J- Bact. 130:946 (1977) and Hsiao et al., Proc. Natl. Acad. S ci. (USA) 
76:3829 (1979) . However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporation, bacterial protoplast 
fusion with intact cells, or polycations, e.g., polybrene, polyorni thine, 
etc., may also be used. For various techniques for transforming mammalian 

15 cells, see Keown et al., Methods in Enzvmolocrv (1989), Keown et al., 
Methods in Enzvmoloav 185:527-537 (1990), and Mansour et al . , Nature 
336:348-352 (1988) . 

The mammalian host cells used to produce the rPTK or receptor 
construct may be cultured in a variety of media. Commercially available 

20 media such as Ham's F10 (Sigma), Minimal Essential Medium ([MEM], Sigma), 
RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ( [DMEM] , Sigma) 
are suitable for culturing the host cells. In addition, any of the media 
described in Ham and Wallace, Meth . Enz . 58:44 (1979), Barnes and Sato, 
Anal. Biochem. 102:255 (1980), U.S. 4,767,704; 4,657,866; 4,927,762; or 

25 4,560,655; WO 90/03430; WO 87/00195; U.S. Patent Re. 30,985; or U.S. Patent 
No. 5,122,46 9, the disclosures of each of which are incorporated herein by 
reference, may be used as culture media for the host cells. Any of these 
media may be supplemented as necessary with hormones and/or other growth 
factors (such as insulin, transferrin, or epidermal growth factor) , salts 

30 (such as sodium chloride, calcium, magnesium, and phosphate) , buffers (such 
as HEPES) , nucleosides (such as adenosine and thymidine) , antibiotics (such 
as Gentamycin™ drug) , trace elements (defined as inorganic compounds 
usually present at final concentrations in the micromolar range) , and 
glucose or an equivalent energy source. Any other necessary supplements 

35 may also be included at appropriate concentrations that would be known to 
those skilled in the art. The culture conditions, such as temperature, pH, 
and the like, are those previously used with the host cell selected for 
expression, and will be apparent to the ordinarily skilled artisan. 
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In general, principles, protocols, and practical techniques for 
maximizing the productivity of mammalian cell cultures can be found in 
Mammalian Cell Biotechnology ; a Practical Approach. M. Butler, ed. , IRL 
Press, 1991. 

5 Gene amplification and /or expression may be measured in a sample 

directly, for example, by conventional Southern blotting. Northern blotting 
to guantitate the transcription of mRNA (Thomas, Pros. Natl. Acad. Sci. USA 
77:5201-5205 [1980]), dot blotting (DNA analysis), or in situ 
hybridization, using an appropriately labeled probe, based on the sequences 

10 provided herein. Various labels may be employed, most commonly 
radioisotopes, particularly 32 P. However, other techniques may also be 
employed, such as using biotin-modif ied nucleotides for introduction into 
a polynucleotide. The biotin then serves as the site for binding to avidin 
or antibodies, which may be labeled with a wide variety of labels, such as 

15 radionuclides, f luorophores, enzymes, or the like. Alternatively, 
antibodies may be employed that can recognize specific duplexes, including 
DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein 
duplexes. The antibodies in turn may be labeled and the assay may be 
carried out where the duplex is bound to a surface, so that upon the 

20 formation of duplex on the surface, the presence of antibody bound to the 
duplex can be detected. 

Gene expression, alternatively, may be measured by immunological 
methods, such as immunohistochemical staining to* guantitate directly the 
expression of gene product. 

25 B. Selecting cells for use in the assay 

As mentioned above, the cells to be subjected to the assay can be (a) 
cells having an endogenous receptor, (b) cells which have been transformed 
with a rPTK, or (c) cells transformed with a receptor construct. The 
suitability of the cells for use in the assay is investigated, 

30 Cells having the endogenous rPTK can be subjected to a test -run KIRA 

ELISA using a known ligand to the PTK (e.g. an agonist antibody) and a 
control (e.g. the diluent for the agonist antibody) . A range of ligand 
concentrations such as those used herein (see Examples 1, 2 and 3) will be 
used to determine whether sufficient numbers of the receptor are present 

35 in the cells being tested. In order to discover whether a cell line is 
unsuitable because the receptor is cons ti tut ively phosphorylated, the cell 
line can be subjected to the KIRA ELISA disclosed herein, wherein it is 
exposed to both positive and negative controls (e.g. a known agonist ligand 
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in cell culture media as described herein as a positive control and the 
cell culture media without the agonist ligand as the negative control) . 
■ If phosphorylation of the receptor is detected for both positive and 
negative controls, this may be indicative that constitutive phosphorylation 
5 of the receptor is occurring. However, it is possible that a constituent 
of the serum in the cell culture media is activating the receptor. Thus, 
the cells can be "starved" in serum- free media for about 2-12 hours 
(depending on cell survival) and then the assay is repeated using the 
positive and negative controls . If activation is detected for both 
10 controls, the cell line may be considered unsuitable and another cell line 
can be tested. 

If the cell line is transformed with the receptor (without the flag 
polypeptide) a strategy similar to that depicted in Figure 4 can be used 
to discover whether or not the cell line is suitable for use in the assay. 

15 As a first step, successful transformation and expression of the nucleic 
acid encoding the rPTK is determined (see Figure 4, step b) . In order to 
identify whether the ECD of the rPTK is present on the surface of the 
cells, flow cytometric analysis can be performed using an antibody to the 
ECD of the receptor. The antibody can be made using the techniques for 

20 generating antibodies discussed herein. Flow cytometric analysis can be 
carried out using the techniques described in Current Protocols in 
Immunology- Ed. Coligen et al . , Wiley publishers, Vols. 1 and 2, for 
example. Briefly, flow cytometric analysis involves incubating intact 
cells (having the receptor) with antibodies to the ECD thereof, followed 

25 by washing. The antibody-bound cells are then incubated with species 
specific anti-antibody antibodies conjugated to a f luorochrome . Following 
washing, the labeled cells are analyzed by fluorescence -activated flow 
cytometry to detect whether the ECD is present on the surface of the cells. 
In the following step, i.e. Figure 4, step (c) , the ability of the 

30 cell-bound receptor to be activated is tested. In order to determine this, 
the transformed cells are exposed to a known agonist to the receptor (e.g. 
the endogenous ligand or an agonist antibody for the receptor) . Following 
exposure, the cells are lysed in a suitable buffer (e.g. sodium 
dodecylbenzenesulfonate in phosphate buffered saline; SDS in PBS) and 

35 subjected to Western blotting with anti-phosphotyrosine antibodies as 
described in Wang, Molecular and Cell ular Biology 5 (12 ): 3640-3643 (1985); 
Glenney et al., Journal of Immunol ogical Methods 109:277-285 (1988); Kamps, 
Methods in Enzymologv 201:101-110 (1991); Kozma ec al . , Methods in 
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Enzvmolocrv 201:28-43 (1991); Holmes ec al.. Science 256:1205-10 (1992) ; or 
Corfas et al., PNAS. USA 90:1624-1628 (1993), for example. 

Assuming the Western blotting step indicates that the rPTK can be 
activated, a KIRA ELISA test run can be performed, see Figure 4 step (d) , 
5 to further establish whether or not the transformed cell line can be used 
m the assay. 

In the preferred embodiment of the invention, the KIRA ELISA is a 
"generic" assay insofar as any rPTK of interest can be studied regardless 
of the availability of receptor-specific reagents (i.e., capture agent). 

10 This embodiment employs a receptor construct having a flag polypeptide at 
either the amino or carboxyl terminus of the receptor. 

If the flag polypeptide is provided at the NH 2 -terminus (see, e.g., 
the gD.trk A, B and C receptor constructs disclosed in Example 3), the 
procedure for selecting a transformed cell line for use in the assay 

15 summarized in Figure 4 can be performed. In this embodiment, the cells are 
transformed with the flag polypeptide -receptor construct as described 
earlier herein. See step (a) . In step (b) , successful transformation of the 
receptor and flag polypeptide (i.e. the receptor construct) is confirmed. 
In order to study this, two-dimensional flow cytometric analysis can be 

20 performed using antibodies to both the flag polypeptide and the ECD of the 
receptor. Techniques for two-dimensional flow cytometric analysis are 
disclosed in Current Protocols in I mmunology , supra. Assuming successful 
transformation of the receptor construct is demonstrated, steps (c) and (d) 
of Figure 4 are then performed. See the discussion above, for an 

25 explanation of steps (c) to (d) of Figure 4. 

A technique for identification of cells which have been successfully 
transformed with the receptor construct having a C- terminal flag 
polypeptide and which cells are also suitable for use in the assay is 
illustrated in Figure 5 . Following cell transformation [step (a) J , 

30 successful transformation of the receptor is determined by flow cytometric 
analysis using an antibody directed against the ECD of the receptor of 
interest, for example. Flow cytometric analysis can be performed 
substantially as described above. This forms step (b) of the procedure 
outlined in Figure 5 . 

35 Following step <b) , successful transformation of the entire receptor 

construct (including the COOH- terminal flag polypeptide) is analyzed in 
step (c) . This can be achieved by lysing the cells (using techniques for 
lysing cells disclosed herein) and immunoprecipitating the membrane extract 
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with an antibody against the receptor of interest. This immunoprecipitated 
membrane extract is then subjected to Western blot analysis with antibodies 
specific for the flag polypeptide. Alternatively, rPTK-specif ic ELISA 
analysis of anti-flag polypeptide captured membrane lysate can be carried 
5 out. Briefly, this involves coating ELISA wells with appropriate flag 
specific capture agent. The wells are blocked, washed, and the lysate is 
then incubated in the wells. Unbound receptor construct is removed by 
washing. The wells are then reacted with receptor- specif ic antibody or 
antibodies, either directly or indirectly conjugated to HRPO. The wells 
10 are washed and the HRPO is then exposed to the chromogenic substrate (e.g., 
TMB) . 

Steps (d) and (e) , i.e., detecting receptor activation and KIRA ELISA 
test run, are essentially the same as those steps described above. 

Once useful cells are identified, they are subjected to the KIRA 
15 stage of the instantly claimed assay. 

C. Coating the first solid phase with the cells 

The first solid phase (e.g. a well of a first assay plate) is coated 
with cells having the endogenous receptor or cells which have been 
transformed pursuant to the preceding sections . 

20 Preferably, an adherent cell line is chosen, so that the cells 

naturally adhere to the first solid phase. However, use of an adherent 
cell line is not essential. For example, non-adherent cells (e.g. red blood 
cells) can be added to round bottomed wells of an assay plate such as that 
sold by Bee ton Dickinson Labware, Lincoln Park, New Jersey, for example. 

25 The assay plate is then placed in a plate carrier and centrifuged so as to 
create a pellet of cells adhering to the base of the wells. The cell 
culture supernatants are removed using a pipette. Thus, use of an adherent 
cell is clearly advantageous over non-adherent cells since it reduces 
variability in the assay (i.e, the cells in the pellet of the round bottom 

30 wells may be taken up with the supernatant when the alternative method is 
used) . 

The cells to be added to the wells of the first assay plate may be 
maintained in tissue culture flasks and utilized when cells densities of 
about 70-90% confluency are achieved. Then, generally between about 1 x 
35 10 4 to 3 x 10 5 (and preferably 5 x 10 4 to 1 x 10 5 ) cells are seeded per 
flat-bottom well, using a pipette, for example. It has been found that, 
contrary to expectations, addition of cell concentrations mentioned above 
is sufficient to enable activation of the rPTK to be measured in the ELISA 
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stage of the assay, without the need to concentrate or clarify the cells 
or cell lysate prior thereto. Often, the cells are diluted in culture 
medium prior to seeding them in the wells of the microtiter plate to 
achieve the desired cell densities. 
5 Usually, the cells are cultured in the microtiter plates for a 

sufficient period of time to optimize adherence to the wells thereof, but 
not too long such that the cells begin to deteriorate. Thus, incubation 
for about 8 to 16 hours at a temperature which is the physiological optimum 
for the cells (usually about 37°c) is preferred. Suitable media for 
10 culturing the cells are described in Section 1A above. Culturing in 5% C0 2 
is recommended. 

Following incubation overnight, the well supernatants are decanted 
and excess supernatant may be further removed by lightly tamping the 
microtiter plates with an absorbent substrate, e.g., a paper towel, but a 
15 sponge works equally well. Thus, a substantially homogeneous layer of 
adhering cells remains on the internal surfaces of the individual wells of 
the microtiter plate. These adhering cells are then exposed to the 
analyte . 

D. Preparation and addition of the analyte 

20 As mentioned above, the analyte may comprise an agonist ligand (or 

suspected agonist) or an antagonist (or suspected antagonist) for the rPTK 
of interest. The ligand may be an endogenous polypeptide, or a synthetic 
molecule, such as an inorganic or organic molecule. Usually, the ligand is 
a polypeptide. This assay is useful for screening molecules which activate 

25 (or antagonize activation) of the tyrosine kinase receptor of interest. 
Thus, the assay can be used for developing therapeutically effective 
molecules . 

Where the ligand is an agonist, the molecule can comprise the native 
growth factor e.g. .. heregulin (HRG) , insulin, insulin-like growth factors 

30 I and II (IGF-I and IGF-II) , epidermal growth factor (EGF) , interleukins 
(e.g., IL-8) , macrophage colony- stimulating factor (M-CSF) , erythropoietin 
(EPO) , platelet -derived growth factor (PDGF) , transforming growth factors 
alpha and beta (TGF-a and TGF-3) , hepatocyte growth factor (HGF) , 
fibroblast growth factor (FGF) and nerve growth factor (NGF) . Many of these 

35 growth factors are available commercially. Alternatively, the growth factor 
can be made by peptide synthesis or recombinant techniques which are 
described herein. Synthetic small molecule agonists can similarly be 
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generated by those skilled in the art using conventional chemical synthesis 
techniques . 

Where the ligand is present in a biological fluid, the analyte can 
be prepared using techniques which are well known in the art. Body fluid 
5 such as blood or amniotic fluid may be used directly, however concentration 
may be required. If the analyte to be tested comprises a particular 
tissue, the cells thereof can be grown in cell culture and the supernatant 
can be tested for secreted ligand. 

Often, the ligand is diluted in an aqueous diluent (such as cell 
10 culture media) so that a standard curve can be generated. However, the 
ligand may be present in a cell or a cell component (e.g., the cell 
membrane) . In particular, it has been found that the assay can be used to 
detect the presence of a ligand in the cell membrane of a selected cell 
line. This is clearly useful for discovering a novel endogenous ligand for 
15 a known rPTK. 

The ligand composition is added to each well which contains the 
adhering cells using a pipette, for example. At least one control well 
(e.g. to which the aqueous diluent for the ligand is added) is included in 
the assay. 

20 The adhering cells are usually stimulated for a sufficient period of 

time to optimize the signal, but not too long such that the signal 
decreases as a consequence of dephosphorylation of the rPTK by endogenous 
phosphatases. A suitable stimulation period is between about 10 to 6 0 
minutes, preferably about 30 minutes at a physiologically optimal 

25 temperature for the cells (usually about 37°C) . 

Following activation, well supernatants are decanted and the plates 
can then be lightly tamped with an absorbent substrate to remove excess 
supernatant . 

The assay can be used to detect antagonist ligands for the rPTK of 
30 interest. Antagonists generally fall into two categories (a) ones which 
bind to the rPTK and thereby block binding and/or activation of the rPTK 
by an agonist thereto (the antagonist may bind to the ECD, but this is not 
necessarily the case) and (b) those which bind to the agonist and thus 
prevent activation of the rPTK by the agonist. 
35 * n order to detect antagonist molecules from category (a) above, the 

cells are exposed to the suspected antagonist ligand substantially as 
mentioned above. Following exposure to the antagonist, the well 
supernatants are decanted and the plates are lightly tamped. Then, a known 
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agonist (e.g., the endogenous growth factor) is added to the washed cells 
essentially as discussed in the preceding paragraphs, following which, the 
well supernatants are decanted and plates are lightly tamped. 
Alternatively, a composition comprising both the antagonist and agonist can 
5 be added to the adhering cells substantially as discussed above. Ability 
of the suspected antagonist to block binding and/or activation of the rPTK 
can subsequently be measured by ELISA as discussed below. 

To detect antagonist molecules from category (b) above, a known 
agonist is pre- incubated with the suspected antagonist prior to the KIRA 
10 stage of the assay. This incubation is carried out for a sufficient period 
of time to enable a complex of the antagonist -agonist to form; from 30 min. 
to 12 hours, for example. This complex is then subjected to the assay with 
the non-complexed agonist and antagonist used as controls. 

Following exposure to the agonist (and optionally the antagonist) 
15 ligand, the cells are lysed, as discussed below. 

E. Solubilizing the cells 

In this step of the assay, the cells are lysed so as to solubilize 
the rPTK such that it remains activated (i.e., the tyrosine residues remain 
phosphorylated) for the ELISA stage of the assay. Thus, the cells are lysed 
20 using a lysis buffer as described above which serves to solubilize the rPTK 
•or receptor construct, yet does not dephosphorylate or denature the rPTK. 

Where microtiter plates are used as mentioned above, about 75 to 
200^1 of lysis buffer is added to each well. The plates can then be 
agitated gently using a plate shaker {e.g. , such as that sold by Bellco 
25 Instruments, Vineland, NJ) for about 1 to 2 hours. Shaking can be carried 
out at room temperature. 

2. Enzvme-Linked Immunosorbent Assay - ELTfiA 

The second stage of the assay involves a sandwich ELISA performed in 
the second assay plate. In order to carry out the ELISA, a capture agent 
30 is prepared. 

A. Preparation of the capture agent 

As mentioned above, the capture agent often comprises a polyclonal 
antibody (usually an affinity purified polyclonal antibody) or monoclonal 
antibody. Other capture agents are envisaged and are discussed in the 
35 definitions section above. The capture agent either binds specifically to 
the kinase receptor, or to the flag polypeptide (i.e. the antigen) . 

Polyclonal antibodies to the antigen (either the receptor or the flag 
polypeptide) generally are raised in animals by multiple subcutaneous (sc) 
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or intraperitoneal (ipj injections of the antigen or an antigenic fragment 
thereof (often the ECD of the rPTK) and an adjuvant. It may be useful to 
conjugate the antigen or a fragment containing the target amino acid 
sequence to a protein that is immunogenic in the species to be immunized 
5 (e.g., keyhole limpet hemocyanin) , using a bifunctional or derivatizing 
agent . 

The route and schedule for administration of immunogen to the host 
animal or cultured antibody-producing cells therefrom are generally in 
keeping with established and conventional techniques for antibody 

10 stimulation and production. While mice are frequently employed as the test 
model, it is contemplated that any mammalian subject including human 
subjects or antibody -producing cells obtained therefrom can be manipulated 
according to the processes of this invention to serve as the basis for 
production of mammalian, including human, hybrid cell lines. 

15 Animals are typically immunized against the immunogenic conjugates 

or derivatives by combining 1 mg or 1 //g of conjugate (for rabbits or mice, 
respectively) with 3 volumes of Freund's complete adjuvant and injecting 
the solution intradermally at multiple sites. One month later the animals 
are boosted with 1/5 to 1/10 the original amount of conjugate in Freund's 

20 complete adjuvant (or other suitable adjuvant) by subcutaneous injection 
at multiple sites. 7 to 14 days later animals are bled and the serum is 
assayed for anti-antigen titer. Animals are boosted until the titer 
plateaus. Preferably, the animal is boosted with the conjugate of the same 
antigen, but conjugated to a different protein and/or through a different 

25 cross-linking agent. Conjugates also can be made in recombinant cell 
culture as protein fusions. Also, aggregating agents such as alum are used 
to enhance the immune response. 

After immunization, monoclonal antibodies can be prepared by 
recovering immune cells (typically spleen cells or lymphocytes from lymph 

30 node tissue) from immunized animals and immortalizing the cells in 
conventional fashion, e.g., by fusion with myeloma cells or by Epstein-Barr 
(EB) -virus transformation and screening for clones producing the desired 
antibody. The hybridoma technique described originally by Kohler and 
Milstein, Eur. J. Immunol. 6:511 (1976), and also described by Hammerling 

35 et al., In: Monoclonal Antibodies and T-Cell Hvbridomas . Elsevier, N.Y., 
pp. 563-681 (1981) has been widely applied to produce hybrid cell lines 
that secrete high levels of monoclonal antibodies against many specific 
antigens . 
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It is possible to fuse cells of one species with another. However, 
it is preferable that the source of the immunized antibody producing cells 
and the myeloma be from the same species . 

The hybrid cell lines can be maintained in culture in cell culture 
5 media. The cell lines of this invention can be selected and/or maintained 
in a composition comprising the continuous cell line in 
hypoxanthine-aminopter in- thymidine (HAT) medium. In fact, once the 
hybridoma cell line is established, it can be maintained on a variety of 
nutritionally adequate media. Moreover, the hybrid cell lines can be 
10 stored and preserved in any number of conventional ways, including freezing 
and storage under liquid nitrogen. Frozen cell lines can be revived and 
cultured indefinitely with resumed synthesis and secretion of monoclonal 
antibody . 

The secreted antibody is recovered from tissue culture supernatant 

15 by conventional methods such as precipitation, ion exchange chromatography, 
affinity chromatography, or the like. The antibodies described herein are 
also recovered from hybridoma cell cultures by conventional methods for 
purification of IgG or IgM, as the case may be, that heretofore have been 
used to purify these immunoglobulins from pooled plasma, e.g., ethanol or 

20 polyethylene glycol precipitation procedures. The purified antibodies are 
then sterile filtered. Where the antibody is a polyclonal antibody, it is 
generally affinity purified using an affinity column generated from the 
antigen of interest so as to provide a substantially specific capture 
antibody. Affinity chromatography is usually preceded by other purification 

25 techniques, such as liquid chromatography. 

In a further embodiment, antibodies or antibody fragments can be 
isolated from antibody phage libraries generated via the techniques 
described in McCafferty et al., Nature , 348:552-554 (1990), using the flag 
polypeptide, rPTK, or a fragment thereof, to select for a suitable antibody 

30 or antibody fragment. Clackson et al., Nature . 352:624-628 (1991) and Marks 
et al., J. Mol . Biol . . 222:581-597 (1991) describe the. isolation of murine 
and human antibodies, respectively, using phage libraries. Subsequent 
publications describe the production of high affinity (nM range) human 
antibodies by chain shuffling (Mark et al . , Bio/Technol . 10:779-783 

35 [19921), as well as combinatorial infection and in vivo recombination as 
a strategy for constructing very large phage libraries (Waterhouse et al . , 
Nuc . Acids Res . . 21:2265-2266 [1993]). Thus, these techniques are viable 
alternatives to traditional monoclonal antibody hybridoma techniques for 
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isolation of "monoclonal" antibodies which are encompassed by the present 
invention . 

DNA encoding the monoclonal antibodies of the invention is readily 
isolated and sequenced using conventional procedures (e.g., by using 
5 oligonucleotide probes that are capable of binding specifically to genes 
encoding the heavy and light chains of murine antibodies) . The hybridoma 
cells of the invention serve as a preferred source of such DNA. Once 
isolated, the DNA may be placed into expression vectors, which are then 
transfected into host cells such as simian COS cells, Chinese hamster ovary 

10 (CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin 
protein, to obtain the synthesis of monoclonal antibodies in the 
recombinant host cells. The DNA also may be modified, for example, by 
substituting the coding sequence for human heavy and light chain constant 
domains in place of the homologous murine sequences, Morrison et al., Proc. 

15 Nat, &£a*L ££i* 81, 6851 (1984), or by covalently joining to the 

immunoglobulin coding sequence all or part of the coding sequence for a 
non- immunoglobulin polypeptide. In that manner, "chimeric" or "hybrid" 
antibodies are prepared that have the binding specificity of an anti-rPTK 
or anti-flag polypeptide monoclonal antibody herein. Thus, the antibody may 

20 be made by recombinant DNA methods (Cabilly et al . , U.S. Pat. No. 
4,816,567) . 

Binding of the capture agent is not affected by the presence or 
absence of a ligand bound to the receptor and the capture agent does not 
sterically block access to the phosphorylated tyrosine (s) by the anti- 

25 phospho tyrosine antibody. Furthermore, the capture agent does not, of 
course, activate the receptor of interest. In order to screen for an 
antibody having these characteristics, the procedure outlined in Figure 3 
can be carried out. 

First, once the capture agent (e.g. an antibody or streptavidin) has 

30 been chosen, binding to either the receptor or the flag polypeptide (where 
a receptor construct is to be used in the assay) is confirmed. This can 
be determined by flow cytometric analysis, immuno-precipitation or antigen- 
coat ELISA, for example. Flow cytometric analysis has been described 
above. Immunoprecipitation usually involves lysing the cells (having the 

35 receptor or receptor construct) in non-ionic detergent (e.g. 0.5% Triton 
X-100) in a suitable buffer (e.g. PBS) and the cell lysates thus obtained 
are then incubated with the potential anti-receptor or anti-flag 
polypeptide capture agent. The immune complexes are precipitated with 



WO 95/14930 



42 



PCT/US94/13329 



either (a) anci -capture agent antibodies in the presence of polyethylene 
glycol (PEG) which enhances precipitation of the immune complex or with (b) 
insoluble (e.g. agarose bound) protein A or protein G. The 
immunoprecipitated material is then analyzed by polyacryl amide gel 
5 electrophoresis (PAGE) . For antigen- coat ELISA, ELISA wells are coated 
overnight with either the purified receptor, purified flag polypeptide or 
purified receptor construct. The coated wells are then exposed to the 
potential capture agent and screened with HRPO- conjugated species specific 
anti- capture agent antibody. 

10 The ability of the capture agent to bind to the receptor or flag 

polypeptide in the presence of a ligand to the receptor is also confirmed. 
This can be analyzed by incubating the receptor or receptor construct with 
a known ligand for the receptor (e.g. the endogenous growth factor or an 
agonist antibody thereto) . Flow cytometric analysis, immunoprecipitation 

15 or antigen- coat ELISA can then be performed substantially as described 
above to investigate binding of the capture agent. 

Assuming the capture agent is suitable as determined by the preceding 
two steps, it is then shown that the capture agent does not induce receptor 
activation (i.e. autophosphorylation) either before or after cell lysis. 

20 Thus, the cell -bound receptor or receptor construct is exposed to either 
the potential capture agent or a negative control (e.g. a control antibody 
which does not activate the receptor) . Following cell lysis, the receptor 
or receptor construct can be subjected to Western blot analysis using 
labeled anti-phosphotyrosine antibodies. See, e.g., Glermey et a!., 

25 Journal, <?f Imim^o^pg^cal ftletfrofls 109:277-265 (1988); Kamps, Methods in 
Enzvmoloav 201:101-110 (1991); Kozma et al., Methods in Enzvmoloav 201:28- 
43 (1991); or Holmes et al . , Science 256:1205-10 (1992). To establish 
whether the capture agent induces receptor activation following cell lysis, 
a trial run of the KIRA ELISA (with both the capture agent and a negative 

30 control as discussed above) can be performed. 

Finally, the ability of an anti-phosphotyrosine antibody (e.g. 
biotinylated anti-phosphotyrosine antibody) to bind the activated receptor 
in the presence of the potential capture agent is confirmed by a trial run 
in the KIRA ELISA disclosed herein. 

35 Assuming the capture agent meets all the criteria specified above, 

it has good potential for use in the KIRA ELISA. 

Once a suitable capture agent has been prepared, the second solid 
phase is coated therewith. Between about 0.1 to 10 pg/ml of capture agent 
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can be added to each well of the second assay plate using a pipette, for 
example. The capture agent is often provided in a buffer at a high pH 
(e.g., between about 7.5 to 9.6) so that it has an increased overall charge 
and therefore displays enhanced binding to the second assay plate. Usually, 
5 the capture agent will be incubated in the wells for between about 8 to 72 
hours to enable a sufficient coating of the capture agent to form on the 
inside walls of the wells. This incubation is generally carried out at low 
temperatures (e.g., between about 3-8°C) to avoid or reduce degradation of 
the capture agent . 

10 Following incubation, the wells of the plate are decanted and tamped 

lightly with an absorbent substrate. Non-specific binding is then blocked. 
In order to achieve this, a block buffer, is added to the wells. For 
example, a block buffer containing bovine serum albumin (BSA) such as that 
sold by Intergen Company, Purchase, NY, is suitable. It has been found that 

15 addition of between about 100 to 200/xl of block buffer to each well 
followed by gentle agitation at room temperature for between about 1-2 
hours is sufficient to block non-specific binding. It is also possible to 
add the block buffer directly to the cell lysate obtained in the previous 
step rather than to the second assay plate. 

20 Following this, the capture agent-coated plates are washed several 

times (usually between about 3-8 times) with a wash buffer. The wash 
buffer can comprise phosphate buffered saline (PBS) at pH 7.0 to 7,5, for 
example. However, other wash buffers are available which can also be used. 
Conveniently, an automated plate washer, such as the ScanWasher 300 

25 (Skatron Instruments, Inc., Sterling, VA) can be used for this, and other, 
washing steps of the assay. 

B. Measuring tyrosine phosphorylation 

The activated, solubilized rPTK (or receptor construct) is then added 
to the wells having the capture agent adhering thereto. As a general 

30 proposition, about 80% of cell lysate obtained as mentioned under Section 
IE above can be added to each well (i.e., about 60 to 160 //l depending on 
the original volume of the wells) . The lysate is incubated with the 
capture agent for an adequate period of time to enable the rPTK to be 
captured in the wells, e.g., from 1 to 3 hours. Incubation can be carried 

35 out at room temperature. 

Unbound cell lysate is then removed by washing with wash buffer. 
Following this washing step, an amount of the anti-phosphotyrosine antibody 
which is equal to, or less than, the amount of block buffer added 
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previously, is added to each well. For example, about 50 to 200/xl of an 
ant i-phospho tyrosine antibody preparation having between about 0.3 to 0.5 
fig /ml of antibody in a suitable buffer {e.g., PBS with a detergent such as 
those included in the lysis buffer) is added to the well. This is followed 
5 by a washing step to remove unbound anti-phosphotyrosine antibody. 

Tyrosine phosphorylation is then quantified by the amount of anti- 
phosphotyrosine antibody binding to the second solid phase. Many systems 
for detecting the presence of an antibody are available to those skilled 
in the art. Some examples follow. 
10 Generally, the anti-phosphotyrosine antibody will be labelled either 

directly or indirectly with a detectable label . Numerous labels are 
available which can be generally grouped into the following categories: 

(a) Radioisotopes, such as 35 S, l4 C, 125 I, 3 H, and 131 I. The antibody 
can be labeled with the radioisotope using the techniques described in 

15 Current Protocols in Immunology , supra, for example and radioactivity can 
be measured using scintillation counting. 

(b) Fluorescent labels such as rare earth chelates (europium 
chelates) or fluorescein and its derivatives, rhodamine and its 
derivatives, dansyl, Lissamine, phycoerythrin and Texas Red are available. 

20 The fluorescent labels can be conjugated to the antibody using the 
techniques disclosed in Current Protocols fa ImmunPlP<TY* supra, for 
example. Fluorescence can be quantified using a fluorimeter (Dynatech) . 

(c) Various enzyme- substrate labels are available and U.S. Patent No. 
4,275,149 provides a review of some of these. The enzyme generally 

25 catalyses a chemical alteration of the chromogenic substrate which can be 
measured using various techniques. For example, the enzyme may catalyze a 
color change in a substrate, which can be measured spectrophotometrically . 
Alternatively, the enzyme may alter the fluorescence or chemi luminescence 
of the substrate. Techniques for quantifying a change in fluorescence are 

30 described above. The chemiluminescent substrate becomes electronically 
excited by a chemical reaction and may then emit light which can be 
measured (using a Dynatech ML3000 chemiluminometer , for example) or donates 
energy to a fluorescent acceptor. Examples of enzymatic labels include 
lucif erases (e.g., firefly lucif erase and bacterial lucif erase; U.S. Patent 

35 No. 4,737,456), luciferin, 2 , 3-dihydrophthalazinediones, malate 
dehydrogenase, urease, peroxidase such as horseradish peroxidase (HRPO) , 
alkaline phosphatase, (J-galactosidase, glucoamylase , lysozyme, saccharide 
oxidases (e.g., glucose oxidase, galactose oxidase, and glucose -6 -phosphate 
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dehydrogenase) , heterocyclic oxidases (such as uricase and xanthine 
oxidase), lactoperoxidase, microperoxidase , and the like. Techniques for 
conjugating enzymes to antibodies are described in O* Sullivan ec al., 
Methods for the Preparation of Enzyme -Antibody Conjugates for use in Enzyme 
5 Immunoassay, in Methods in Enzvm . (ed J. Langone & H. Van Vunakis) , 
Academic press, New York, 73: 147-166 (1981) and Current Protocols in 

Immunology/ supra. 

Examples of enzyme -substrate combinations include, for example: 

(i) Horseradish peroxidase (HRPO) with hydrogen peroxidase as a 
10 substrate, wherein the hydrogen peroxidase oxidizes a dye precursor (e.g. 

orthophenylene diamine [OPD] or 3 , 3 * , 5, 5 • -tetramethyl benzidine 
hydrochloride [TMB] ) . 

(ii) alkaline phosphatase (AP) with para-Nitrophenyl phosphate as 
chromogenic substrate. 

15 (iii) &-D-galactosidase <[S-D-Gal) with a chromogenic substrate (e.g. 

p-nitrophenyl-p-D-galactosidase) or fluorogenic substrate 4- 
methylumbellif eryl-p-D-galactosidase . 

Numerous other enzyme -substrate combinations are available to those 
skilled in the art. For a general review of these, see U.S. Patent Nos. 

20 4,275,149 and 4,318,980. 

Sometimes, the label is indirectly conjugated with the antibody. The 
skilled artisan will be aware of various techniques for achieving this. For 
example, the antibody can be conjugated with biotin and any of the three 
broad categories of labels mentioned above can be conjugated with avidin, 

25 or vice versa. Biotin binds selectively to avidin and thus, the label can 
be conjugated with the antibody in this indirect manner. See, Current 

Protocols ia Immunology, supra, for a review of techniques involving 

biotin-avidin conjugation. Alternatively, to achieve indirect conjugation 
of the label with the antibody, the antibody is conjugated with a small 

30 hapten (e.g. digoxin) and one of the different types of labels mentioned 
above is conjugated with an anti-hapten antibody (e.g. anti-digoxin 
antibody) . Thus, indirect conjugation of the label with the antibody can 
be achieved. 

In another embodiment of the invention, the ant i-phospho tyrosine 
35 antibody need not be labeled, and the presence thereof can be detected 
using a labeled anti-antiphosphotyrosine antibody (e.g. ant i -mouse anti- 
phospho tyrosine antibody conjugated with HRPO) . 
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In the preferred embodiment, the ant l-phospho tyrosine antibody is 
labeled with an enzymatic label which catalyzes a color change of a 
substrate (such as tetramethyl benzimidine [TMB] , or orthaphenylene diamine 
[OPD] ) . Thus, the use of radioactive materials is avoided. A color change 
5 of the reagent can be determined spectrophotometrically at a suitable 
wavelength te.g. 450nm for TMB and 4 90nm for OPD, wxth a reference 
wavelength of 650 nm) . 

3. Intracellular Ejpase Activity 

The assay described herein is also useful for measuring 
10 phosphorylation and/or activation of intracellular kinases (e.g. 
cytoplasmic tyrosine kinases and/or cytoplasmic serine -threonine kinases) . 
Phosphorylation of these molecules can occur as a consequence of trans - 
phosphorylation of the intracellular kinase by a kinase receptor or 
"receptor complex" (which comprises one or more kinase receptors residing 
15 in a cell membrane) . Examples of intracellular tyrosine kinases include 
insulin receptor substrate I (IRS-1) , She, Ras and GRB2, for example. 
Antibodies to human She, human Ras and GRB2 can be obtained commercially 
from UBI, NY, which can be used as capture agents for these tyrosine 
kinases. Examples of intracellular serine- threonine kinases include MEK 
20 and MAPK. 

In order to measure phosphorylation of these kinases, the procedure 
is essentially as described above except that a chimera of the 
intracellular kinase and the flag polypeptide is normally formed (i.e. a 
"kinase construct") . Alternatively, the cell has an endogenous 

25 intracellular kinase or is transformed with nucleic acid encoding an 
intracellular kinase of interest. Generally, a eukaryotic cell will be 
transformed with nucleic acid encoding a kinase construct. Upon expression 
of the nucleic acid, the kinase or kinase construct will reside 
intracellular^ (i.e. in the cytoplasm). The cells comprising the kinase 

30 or kinase construct are subjected to the KIRA as discussed above. Exposure 
to the agonist may result in trans -phosphorylation of the intracellular 
kinase which can be quantified in the ELISA as elaborated above. The 
capture agent in the ELISA binds to either the intracellular kinase or to 
the flag polypeptide. 

35 4. Serine -Threonine Kinase Activity 

This assay is further useful for measuring phosphorylation and/or 
activation of serine- threonine kinases. The term "serine -threonine kinase" 
refers to a kinase which phosphorylates a substrate which has at least one 
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phosphate accepting alcohol group. The serine- threonine kinase is usually 
a "receptor" insofar as it has a ligand- binding BCD, TM domain and ICD. 
The ICD usually comprises a catalytic kinase domain and generally has one 
or more phosphate accepting serine and/or threonine residues. Examples of 
5 intracellular serine- threonine kinases include MEK and MAPK. See section 
3. above for a discussion as to measuring phosphorylation of intracellular 
serine -threonine kinases. Examples of serine -threonine kinase receptors 
include daf-1, activin type II receptor (ActR-II) , activin type IIB 
receptor (ActR-IIB) , TGF-p type II receptor (T^R-II) , activin receptor-like 

10 kinase (ALK) -1, -2, -3, -4 and TGF-3 type I receptor (T&R-l) /ALK-5 . See 
ten Dijke et al., supra. The serine -threonine kinase assay is essentially 
the same as described above for tyrosine kinases, except that 
phosphorylation is quantified using anti-phosphoserine and/or anti- 
phosphothreonine antibodies. Anti-phosphoserine and ant i-phospho threonine 

15 monoclonal antibodies can be purchased from Sigma Immuno Chemicals, St 
liouis, MO, for example. 

5. Phosphatase Activity 

Phosphatase activity can similarly be measured using the assay 
described herein. Phosphatase enzymes are able to dephosphorylate 

20 phosphorylated tyrosine, serine and/or threonine residues (i.e. liberate 
inorganic phosphate from phosphoric esters of such amino acid residues) . 
Generally the phosphatase enzyme is specific for either tyrosine residues 
or serine- threonine residues but sometimes can dephosphorylate tyrosine, 
serine and threonine residues. Sometimes "endogenous" phosphatase activity 

25 is measured and this refers to the activity of phosphatase enzyme (s) which 
exist in nature in a selected cell . 

In order to quantify endogenous phosphatase activity, cells 
possessing at least one phosphatase are stimulated in the presence and 
absence of one or more phosphatase inhibitors . Examples of protein tyrosine 

30 phosphatase (PTPase) inhibitors include sodium orthovanadate and sodium 
molybdate (Sigma Chemical Co., St. Louis, MO). ICN Biochemicals supply 
okadaic acid which is a serine- threonine phosphatase inhibitor. As a 
general proposition, between about l-10jiM phosphatase inhibitor can be 
added to each well of the assay plate. In all other respects, the assay is 

35 performed essentially as discussed above. Thus, the ability of endogenous 
phosphatases to dephosphorylate a kinase in the selected cell can be 
quantified. 
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In the preferred embodiment, a phosphatase enzyme of interest can be 
studied. Examples of protein tyrosine phosphatases (PTPases) include PTP1B, 
PTPMEG, PTPlC, YopSl, VH1, cdc25, CD45, HLAR. PTP18 , HPTPa and DPTP10D. See 
Zhang and Dixon, Adv . Enzvm . 68: 1-36 {1994). Examples of protein serine- 
5 threonine phosphatases include PP1, PP2A, PP2B and PP2C. See Meth . Enzvm . . 
ed Hunter & Sefton, Academic press, New York, 201:389-398 (1991) . These 
proteins can be purchased commercially or made using the recombinant 
techniques described herein. To measure phosphatase activity, the KIRA 
ELISA can be performed essentially as described above with the following 

10 modifications. Following capture of the kinase or kinase construct {e.g. 
receptor construct) to the second solid phase and the washing step {to 
remove unbound cell lysate) , the phosphatase of interest is added to the 
wells of the second assay plate and incubated with the adhering kinase or 
kinase construct. For example, between about 50-200 m1 of the phosphatase 

15 in a suitable dilution buffer (see Meth. Enzvm. , ed Hunter & Sefton, 
Academic press, New York, 201:416-440 [1991]) can be added to each well. 
This is generally followed by gentle agitation at room temperature (or 
3 7°C) for between about 30 min to 2 hours to allow the phosphatase to 
dephosphorylate the kinase. Following washing to remove the phosphatase, 

20 the decreased degree of phosphorylation of the kinase relative to the 
control (i.e. no phosphatase added) is quantified by ELISA as described 
earlier herein. 
6. Kits 

As a matter of convenience, the reagents can be provided in a kit, 
25 i.e., a packaged combination of reagents, for combination with the analyte 
in assaying the ability of the analyte to activate or prevent activation 
of a rPTK of interest. The components of the kit will be provided in 
predetermined ratios.. Thus, a kit will comprise the specific second solid 
phase for the assay as well as the anti-flag polypeptide capture agent 
30 either packaged separately or captured to the second solid phase {e.g. a 
microtiter plate) . Usually, other reagents, such as the anti- 
phospho tyrosine antibody labelled directly or indirectly with an enzymatic 
label will also be provided in the kit. Where the detectable label is an 
enzyme, the kit will include substrates and cof actors required by the 
35 enzyme (e.g. a substrate precursor which provides the detectable 
chromophore or fluorophore) . In addition, other additives may be included 
such as stabilizers, buffers (e.g. a block buffer and a lysis buffer) and 
the like. Conveniently, the kit can also supply the homogeneous population 
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10 



of cells which have been transformed with the receptor construct. The 
relative amounts of the various reagents may be varied widely to provide 
for concentrations in solution of the reagents which substantially optimize 
the sensitivity of the assay. Particularly, the reagents may be provided 
as dry powders, usually lyophilized. including excipients which on 
dissolution will provide a reagent solution having the appropriate 
concentration. The kit also suitably includes instructions for carrying 
out the KIRA ELISA. 

7- Uses for the Assay 

This application provides two assays which are useful for reliable, 
sensitive and quantitative detection of kinase activation. The first assay 
can be used where a kinase receptor-specific capture antibody having the 
desired characteristics herein described is available or has been prepared. 
The second assay is a generic assay which enables activation of any kinase 
15 receptor to be measured via the use of a flag polypeptide and a capture 
agent which binds specificity thereto. 

These assays are useful for identifying novel agonists /antagonists 
for a selected kinase receptor. Also, the assay provides a means for 
studying ligand- receptor interactions (i.e., mechanism studies). Also the 
20 presence of an endogenous receptor in a selected cell line can be 
quantified using the assay. The assays are further useful for identifying 
the presence of a ligand for a selected kinase receptor in a biological 
sample and, e.g., establishing whether a growth factor has been isolated 
following a purification procedure. it is desirable to have an assay for 
25 measuring the ability of these growth factors to activate their respective 
receptors . 

The assay also has clinical applications for detecting the presence 
of a ligand for a selected rPTK (e.g. the insulin receptor) in a biological 
sample taken from a human and thus patients having elevated or depressed 
levels of the ligand can be identified. This is particularly desirable 
where elevated or depressed levels of the ligand cause a pathological 
condition. Accordingly, candidates for administration of the selected 
ligand (e.g. insulin) can be identified through this diagnostic method. It 
is possible, using the assay disclosed herein, to assay the pK of agonists 
or antagonists administered to a patient. This assay also facilitates the 
detection of shed receptor in a biological sample. 

The assay is also useful to quantify phosphatase activity of 
endogenous phosphatases or, in the preferred embodiment, a phosphatase of 
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interest. This can be used for screening phosphatase inhibitors, for 
example . 

Below are examples of specific embodiments for carrying out the 
present invention. The examples are offered for illustrative purposes 
5 only, and are not intended to limit the scope of the present invention in 
any way. 

All publications, patents and patent applications cited herein, 
whether supra or infra, are hereby incorporated by reference in their 
entirety. 

10 5XAMPLE Jt 

KIRA ELISA of the HER2 Receptor 
The assay system described in this example was developed to measure 
the extent of autophosphorylation as a result of the interactions between 
the HER2 receptor and its specific activator, heregulin (HRG) . The 

15 overexpression of piss™* 2 has been correlated with poor clinical outcome in 
a number of epithelial -derived cancers. Heregulin and its rodent homologue, 
neu differentiation factor (NDF) , were originally purified based on their 
ability to stimulate the autophosphorylation of a 185 kDa protein in the 
breast carcinoma cell lines MCF-7 and MDA-453, respectively. In this 

20 embodiment of the invention, the cell line expressing the tyrosine kinase 
receptor DNA (either endogenous or transformed) is adherent and there is 
an antibody (e.g. monoclonal or affinity purified polyclonal) capable of 
specifically binding the receptor such that it neither stimulates 
autophosphorylation in the absence of ligand nor suffers impaired- binding 

25 due to the presence of bound ligand. Standard curve preparations and many 
samples may easily be run simultaneously in replicate and at several 
dilutions using this assay, readily allowing quantitation of ligand 
activity in a large number of unknown samples. 
<*) Capture _agent preparation, 

30 Polyclonal anti-HER2 antibody was isolated from pooled immune sera 

from New Zealand White rabbits immunized with the extracellular domain of 
the HER2 molecule (Fendly et al., Journal of Biological Response Modifiers 
9:449-455 [1990]). The rHER2 ECD specific antibodies were affinity 
purified using an FPLC (Pharmacia Biotech, Inc, Piscataway, NJ) with an 

35 affinity column generated from rHER2 ECD conjugated to Avidgel F (Bioprobe 
International, Inc, Tustin, CA) . The resulting purified antibody stock was 
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0.829 mg/ml in phosphate buffered saline (PBS), pH 7.4, and was stored as 
0.5 ml aliquots at -20°C. 

(ii) Ant i-phospho tyrosine antibody preparation 

Monoclonal anti-phosphotyrosine, clone 4G10, was purchased from 
5 Upstate Biologicals, Inc (UBI, Lake Placid, NY) and biotinylated using 
long-arm biotin-N-hydroxysuccinamide (Biotm-X-NHS , Research Qrganics, 
Cleveland, OH) . 

(iii) Liganfl 

The recombinant truncated form of piheregulin (MW« 7 . 88 Kd) 
10 corresponding to residues 177-244 (HRG(3l 1V7 . 244 ) was produced in E. coli and 
purified to homogeneity as described in Holmes et a!., Science , 256: 1205- 
1210 (1992) and was stored at 4°C as an 89.7 /iM stock solution in 50 mM 
Tris/HCl, pH 7.5. 

tiv) Adherent Cells 

15 MCF-7 (ATCC-HTB 22), an adherent cell line isolated from a human 

breast adenocarcinoma, was obtained from American Type Culture Collection 
(ATCC, Rockville, MD) . MCF-7 cells have been shown to produce measurable 
levels of surface piss"** 2 by both FACS and ELISA analysis. The cells were 
maintained in 150 cm 2 tissue culture flasks (Corning Inc, Corning, NY) and 

20 utilized when at cell densities of 60 % to 75 % confluency. For the assay, 
2 x 10 s cells were seeded per well in flat-bottom microtiter plates (Falcon 
3072, Becton Dickinson Labware, Lincoln Park, NJ) cultured overnight at 
37°C in 5 % C0 2 . Cells were grown in F12/DMEM 50:50 Gibco as a custom 
formulation (Gibco/BRL, Life Technologies, Grand Island, NY). The medium 

25 was supplemented with 10 % FBS (HyClone, Logan, Utah) , 25 mM HEPES (Gibco) 
and 2 mM L-glutamine (Gibco) . 

(V) KTRA ELTSA 

MCF-7 cells (2 x 10 5 ) in 100 /xl media were added to each well in a 
flat -bottom- 96 well culture plate and cultured overnight at 37°C in 5% C0 2 . 

30 The following morning the well supernatant s were decanted, and the plates 
were lightly tamped on a paper towel. 50 /il of media containing either 
experimental samples or the recombinant HRGP1 177 _ 244 standards (3000, 1000, 
333, 111, 37, 12, 4, and 0 pM) was then added to each well. The cells were 
stimulated at 37°C for 30 min., the well supernatants were decanted, and 

35 the plates were once again lightly tamped on a paper towel. To lyse the 
cells and solubilize the receptors, 100 ^1 of lysis buffer was added to 
each well. Lysis buffer consisted of 150 mM NaCl containing 50 mM HEPES 
(Gibco), 0.5 % Triton-X 100 (Gibco), 0.01 % thimerosal, 30 KlU/ml aprotinin 
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(ICN Biochemicals, Aurora, OH) , ltnM 4- (2-aminoethyl) -benzenesulfonyl 
fluoride hydrochloride {AEBSF; ICN Biochemicals), 50 fM leupeptin (ICN 
Biochemicals), and 2 mM sodium orthovanadate (Na 3 V0 4 , Sigma Chemical Co, St. 
Louis, MO), pH 7.S. The plate was then agitated gently on a plate shaker 
5 (Bellco Instruments, Vineland, NJ) for 60 min. at room temperature. 

While the cells were being solubilized, an ELISA microti ter plate 
(Nunc Maxisorp, Inter Med, Denmark) coated overnight at 4°C with the 
affinity-purified polyclonal anti-HER2 ECD (1.0 jig/ml in 50 mM carbonate 
buffer, pH 9.6, 100 ill/well) was decanted, tamped on a paper towel and 

10 blocked with 150 ^1/well of Block Buffer [PBS containing 0.5 % BSA 
(Intergen Company, Purchase, NY) and 0.01 % thimerosal] for 60 min. at room 
temperature with gentle agitation. After 60 minutes, the anti-HER2 ECD 
coated plate was washed 6 times with wash buffer (PBS containing 0.05 % 
Tween-20 and 0.01 % thimerosal) using an automated plate washer (ScanWasher 

15 300, Skatron Instruments, Inc, Sterling, VA) . 

The lysate containing solubilized plSS" 2 * 2 from the cell -culture 
microti ter well was transferred <85 ^il/well) to anti-rHER2 ECD coated and 
blocked ELISA well and was incubated for 2 h at room temperature with 
gentle agitation. The unbound receptor was removed by washing with wash 

20 buffer and 100 jil °f biotinylated 4G10 ( ant i-phospho tyrosine) diluted 
1:2000 in dilution buffer (PBS containing 0.5 % BSA, 0.05 % Tween-20, 5 mM 
EDTA, and 0.01 % thimerosal), i.e. 400pg/ml, was added to each well. After 
incubation for 2 h at room temperature the plate was washed and 100 pi of 
HRPO- conjugated streptavidin (Zymed Laboratories, S. San Francisco, CA) 

25 diluted 1:10000 in dilution buffer was added to each well. The plate was 
incubated for 30 minutes at room temperature with gentle agitation. The 
free avidin- conjugate was washed away and 100 fil freshly prepared substrate 
solution (tetramethyl benzidine [TMB] ; 2 -component substrate kit; 
Kirkegaard and Perry, Gaithersburg, MD) was added to each well. The 

30 reaction was allowed to proceed for 10 minutes, after which the color 
development was stopped by the addition of 100 ^1/well 1.0 M H 3 P0 4 . The 
absorbance at 450 nm was read with a reference wavelength of 650 nm 
<ABS 450/650 ) , using a vmax plate reader (Molecular Devices, Palo Alto, CA) 
controlled with a Macintosh Centris 650 (Apple Computers, Cupertino, CA) 

35 and DeltaSoft software (BioMetallics , Inc, Princeton, NJ) . 

The standard curve shown in Figure 7 was generated by stimulating 
MCF-7 cells with 3000, 1000, 333, 111, 37, 12, 4, or 0 pM HRGpi 177 _ 244 and 
presented as pM HRG(ll 177 _ 244 vs. mean ABS 450/6S0 ± sd using the DeltaSoft 
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program. Sample concentrations were obtained by interpolation of their 
absorbance on the standard curve and are expressed in terms of pM HRG(Jl I77 _ 
244 activity. 

When the data were fitted to a 4 -parameter nonlinear least squares 
5 equation, they resulted in a correlation coefficient of 0.9998. For the 
data shown in Figure 7, the EC 50 of receptor activation by HRGfll 177 _ 24 4 was 
373 pM. To demonstrate the highly reproducible nature of the piss* 12 * 2 KIRA 
ELISA, seven standard curves were generated over the period of one month 
and the EC 50 's are averaged. This gives an EC so ave for HRG(Jl 177 , 244 of 360 ± 
10 40 pM (average + SD) . 

(vi) Intra- and inter-assav precision and assay specificity 
The intra-assay variability was determined by performing the plSS 1 * 12 * 2 
KIRA ELISA on three separate days. For each test, the standard curve is 
run in triplicate. Controls with HRG(5l 177 _ 244 corresponding to high (1000 
15 pM) , mid (200 pM) and low (40 pM) were assayed in 24 replicates. The 
MS 4 so/650 of tne individual test samples were converted to pM HRG3l 177 _ 244 
activity and the 24 converted values for each test concentration were 
averaged. The data are expressed as averaged value and t coefficient of 
variation (%cv; [(intra-assay standard deviation/intra-assay averaged 
20 calculated value) x 100] . See Table 1A below. 



Table 1 

Intra- and Inter -as say Variation 

A. Intra-assay Precision (n-24 per test) 





High Value a 


Hid Value 


Low Value 




Average 


% cv b 


Average 


% 


cv 


Average 


% cv 




Value 




Value 






Value 






(pM) 




(pM) 






(pM) 




Test til 


1256 


19.5% 


209 


10 


.8% 


33 


12.3% 


Test #2 


1078 


10.0% 


196 


5. 


1% 


38 


7.5% 


Test A3 


999 


14.3% 


196 


6. 


3% 


35 


11.3% 
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B. Inter-assay Precision <n=3) 



Average Value 
(pM) 


%cv c 


Average Value 
(pM) 


% cv 


Average Value 
(pM) 


% cv 


1100 


4.3% 


200 


6.3% 


34 


9.0% 



5 a Expected high value: 1000 pM; mid value: 200 pM; low value: 40 pM 

Intra-assay % cv determined as intra-aasay sd/incra-assay average x 100 
C Inter-assay % cv determined as inter-assay sd/inter-assay average x 100 

The intra-assay variability of the KIRA EL ISA was within acceptable 
limits despite the fact that the assay actually consists of both bioassay 

10 and ELISA components. The coefficients of variance (%) for the highest 
values were under 20% and for the mid and low values were at or under 10%. 

The inter -as say variability was determined by averaging the values 
from upper-most three adjacent wells (of the 24 wells run) for a given 
sample concentration from each run. The three separate averages for each 

15 test concentration were then averaged. The data were expressed as averaged 
value and Zcv [ (inter-assay standard deviation /inter- assay averaged value) 
x 100] . See Table IB. above. The inter-assay variability of the KIRA ELISA 
was within acceptable limits. 

In order to confirm the specificity of the assay, MCF-7 cells were 

20 stimulated with either HRGpl 177 _ 244 at 3000, 1000, 333, 111, 37, 12, 4 or 0 
pM or insulin- like growth factor- 1 (IGF-1) , epidermal growth factor (E6F) , 
vascular endothelial growth factor (VEGF) , or insulin at 30000, 10000, 
3333, 1111, 370, 120, 40 or 0 pM. The plSS 10312 KIRA ELISA was then 
performed as described above. The results are depicted in Figure 8. 

25 The piBS™ 112 KIRA ELISA was clearly specific for heregulin. While 

HRG(J1 177 _ 244 induced normal receptor stimulation and autophosphorylation, the 
closely related EGF gives only a slight stimulation (OD 450/650 = 0.239) at the 
highest concentration tested (100 nM) . Since EGF-R is produced in MCF-7 
cells, this signal is likely due to EGF receptor transphosphorylation of 

30 plSS™ 112 . Neither insulin-like growth factor-1 (IGF-1), vascular 
endothelial growth factor (VEGF) nor insulin have any detectable effect on 
the MCF-7 pies 103 * 2 KIRA ELISA, the latter despite the fact that MCF-7 cells 
produce active insulin receptors. 

The results presented in this example demonstrate that the KIRA ELISA 

35 is a useful method for assaying ligand activation of a kinase receptor, 
e.g., heregulin activation of the pl85 HER2 receptor. Levels of receptor 
activation in terms of tyrosine phosphorylation are easily quantified and 
an EC 50 for a given ligand is readily determined. One potential use for this 
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assay would be to screen compounds for receptor agonist or antagonist 
activities. The potential throughput for this assay greatly surpasses that 
of Western blot analysis. Since the cell-culture portion of the assay is 
conducted in 96 -well plates, many samples may be run in replicate at 
5 different dilutions at one time in a one -day assay. 

T 

KIRA ELISA of the Rse Receptor 
Mark et al.. Journal of Biological Chemistry 269 (14) : 10720-10728 
(1994) describe isolation of the Rse receptor protein tyrosine kinase from 
10 human and murine tissues. This Rse receptor with a carboxyl- terminal flag 
polypeptide (i.e. Rse.gD) was subjected to the KIRA ELISA described herein. 
The experimental procedure is outlined below. 

(i) Capture agent pre paration 

Monoclonal anti-gD (clone 5B6) was produced against a peptide from 
15 Herpes simplex virus glycoprotein D (Paborsky et al., Protein Engineering 
3(6):547-553 [1990]). The purified stock preparation was adjusted to 
3.0mg/ml in phosphate buffered saline (PBS), pH 7.4 and 1.0ml aliquots were 
stored at -20°C. 

(ii) Anti-phosphotvrosine antibody preparation 

20 Monoclonal ant i-phospho tyrosine, clone 4G10, was purchased from 

Upstate Biologicals, Inc <UBI, Lake Placid, NY) and biotinylated using 
long-arm biotin-N-hydroxysuccinamide (Biotin-X-NHS , Research Organics, 
Cleveland, OH) . 

fiii) Ligand 

25 Since the endogenous ligand for the Rse receptor was not available, 

an agonist antibody for the Rse receptor was prepared which forms the 
ligand for the KIRA ELISA described in this Example. To generate the 
agonist antibody, a Rse.IgG chimera was generated. Briefly, the coding 
sequence of the ECD of Rse was fused to that of the human IgG-yl heavy 

30 chain in a multi-step process. PCR was used to generate a fragment with 
a unique BstEII site 3' to the coding sequences of the Rse amino acid 428. 
The PCR product was joined to the human IgG-Yi heavy chain cDNA through a 
unique BstEII site in that construct (Mark et al., J. Cell. Biol. . 267: 
26166-26171 [1992]). The resulting construct (termed pRK.bpTK3 . IgG. fusion) 

35 contained the coding sequences for amino acids 375-428 of Rse joined to 
those encoding human IgG-Yi heavy chain. The remaining portion of the Rse 



WO 95/14930 



56 



PCTYUS94/13329 



ECD (amino acids 1-374) was then added by linkage through the Bam HI site 
in pRK.bpTK3 . IgG. fusion to yield pRK.Rse . IgG. 

To generate stable cell populations expressing Rse.IgG, the cDNA 
encoding Rse.IgG was subcloned into the episomal CMV-driven expression 
5 plasmid pCIS.EBON, a pRK5 derivative disclosed in Cachianes ec al . , Bio. 
Techniques , 15: 225-259 (1993). Human fetal kidney 293 cells (obtained from 
ATCC, 123 01 Parklawn Drive, Rockville, MD, USA) were transfected by the 
calcium phosphate technique. Cell monolayers were incubated for four hours 
in the presence of the DNA precipitate, glycerol shocked, and cultured in 

10 F12 : DMEM (1:1) containing 2mM glutamine, 10% fetal bovine serum, penicillin 
and streptomycin. After 48 hours, populations were replated in media 
containing G418 to select for a stable population of cells. Conditioned 
media was collected from cells expressing Rse.IgG nucleic acid that have 
been cultured in serum- free media for 72 hours in the absence of G418 . 

15 Rse.IgG was purified by affinity chromatography on a protein A column 

using procedures as described by Chamow, S.M., «t al . , Biochemistry , 
29:9885-9891 (1990) with the following minor modifications. Conditioned 
media collected from cells expressing the Rse.IgG was adjusted to 0.1 M 
citrate pH 6.0 and loaded directly onto a protein A column (Repligen) . The 

20 column was washed with 0.1 M citrate, pH 6.0, and was eluted with 3 M MgCl 2 
with 10% glycerol. Fractions were pooled and desalted on a PD-10 column, 
dialyzed and concentrated against PBS. Protein concentrations were 
determined by an ELISA against human IgG (Fc) . The protein was analyzed 
for purity by Coomassie staining of PAGE gels. 

25 Polyclonal antibodies were generated in New Zealand white rabbits 

against the Rse.IgG formed as described above. 4<xg of Rse.IgG in 100a*L PBS 
was emulsified with lOO^L Freund's adjuvant (complete adjuvant for the 
primary injection and incomplete adjuvant for all boosts) . For the primary 
immunization and the first boost, the protein was injected directly into 

30 the popliteal lymph nodes (Sigel et al.. Methods Enzvmol . , 93, 3-12 
[1983]). For subsequent boosts, the protein was injected into subcutaneous 
and intramuscular sites. 1.3 y% protein/kg body weight was injected every 
3 weeks with bleeds taken 1 and 2 weeks following each boost. The 
polyclonal antisera generated was then precipitated in 50% ammonium 

35 sulphate. 

The resultant, purified polyclonal antisera is called "19B" herein. 
To confirm the ability of the 19B antisera to induce autophosphorylation 
of the Rse receptor, serum starved 3T3.gD.Rll cells (transformed with 
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nucleic acid encoding the Rse receptor with an amino terminal gD flag 
polypeptide [i.e. gD.Rse] using the techniques described in Mark et al.. 
Journal of Biological Chemistry 269 (14) : 10720-10728 [1994]) or NIH3T3 cells 
were exposed to pre -immune serum or 19B polyclonal antisera at a 1:200 
5 dilution for 10 minutes. The gD.Rse protein was immunoprecipitated from 
extracts using the anti-gD monoclonal antibody 5B6 . Proteins were 
fractionated on 7% SDS-PAGE under reducing conditions and transferred to 
nitrocellulose. Phosphorylation of Rse was detected with labelled anti- 
phosphotyrosine antibody. Treatment of the 3T3.gD.Rll cells with 19B 
10 antisera stimulated the phosphorylation of the 140kD gD.Rse protein. This 
increase was not observed in cells treated with pre- immune sera. 

The purified 19B polyclonal antisera was stored at 4°C as an 2.8mg/ml 
stock solution in PBS, pH 7.5. 

(ay) Preparation of fise.gp nucleic acid 

15 Synthetic double stranded oligonucleotides were used to reconstitute 

the coding sequence for the C-terminal 10 amino acids (880 - 890) of human 
Rse and add an additional 21 amino acids containing an epitope for the 
antibody 5B6 and a stop codon. The final sequence of the synthetic portion 
of the fusion gene was: 

20 coding strand: 

5 ' -TGCAGCAAGGGCTACTGCCACACTCGAGCTGCGCAGATGCTAGCCTCAAGATGGCT G 
ATCCAAATCGATTCCGCGGCAAAGATCTTCCGGTCCTGTAGAAGCT- 3 ' (SEQ ID NO: 10) 
noncoding (anti- sense) strand: 

5 1 -AGCTTCTACAGGACCGGAAGATCTTTGCCGCGGAATCGATTTGGATCAGCCATCTT G 
25 AGGCTAGCATCTGCGCAGCTCGAGTGTGGCAGTAGCCCTTGCTGCA-3 1 (SEQ ID NO: 11). 

The synthetic DNA was ligated with the cDNA encoding amino acids 1- 
880 of human Rse at the PstI site beginning at nucleotide 2644 of the 
published human Rse cDNA sequence (Mark et al., Journal of Biological 
Chemistry 269 (14) : 10720-10728 [1994]) and Hindlll sites in the polylinker 
30 of the expression vector pSVI7 . ID.LL (See Figure 16; SEQ ID NO: 9) to 
create the expression plasmid pSV. ID.Rse.gD. Briefly, the expression 
plasmid comprises a dicistronic primary transcript which contains sequence 
encoding DHFR bounded by 5' splice donor and 3* splice acceptor intron 
splice sites, followed by sequence that encodes the Rse.gD. The full 
35 length (non-spliced) message contains DHFR as the first open reading frame 
and therefore generates DHFR protein to allow selection of stable 
transf ormants . 



WO 95/14930 



58 



PCT/US94/13329 



(v) Cell transformation 

dpl2.CHO cells (EP 307,247 published 15 March 1989) were 
electroporated with 20 figs of pSV. ID.Rse.gD which had been linearized at 
a unique NotI site in the plasmid backbone. The DNA was ethanol 
5 precipitated after phenol /chloroform extraction and was resuspended in 20^1 
1/10 Tris EDTA. Then, 10^9 of DNA was incubated with 10 7 CHO.dpl2 cells in 
1 ml of PBS on ice for 10 min. before electroporation at 400 volts and 
330jif. Cells were returned to ice for 10 min. before being plated into 
non-selective medium. After 24 hours cells were fed nucleoside -free medium 
10 to select for stable DHFR+ clones. 

(vi) Selection of transformed cells for use in the KIRA ELISA 

To identify a cell line that expresses Rse.gD nucleic acid, candidate 
clones were screened by fluorescence activated cell sorting (FACS) analysis 
using the polyclonal antiserum 19B generated as described above, which 
15 recognizes epitopes in the extracellular domain of Rse. See Figure 5, step 
<b) . 

To confirm that clones that scored positive in the FACS assay express 
full-length Rse.gD nucleic acid, cell lysates were prepared (Lokker et al., 
EMBO J , 11:2503-2510 [1992]) and solubili zed Rse.gD was immunoprecipitated 

20 with the 19B antisera. The immunoprecipitated proteins were fractionated 
under reducing conditions using 7% PAGE, blotted onto nitrocellulose and 
then probed with the anti-gD 5B6 antibody which was detected with a 
horseradish peroxidase conjugated anti-mouse IgG antibody. See Figure 5, 
step (c) . The ability of Rse.gD in cell clones to be activated to undergo 

25 aut ©phosphorylation in response to the 19B agonistic antibody was 
determined. Briefly, serum starved dp.CHO cells transformed with Rse.gD 
nucleic acid as described above were exposed to pre -immune or 19B antisera 
at a 1:200 dilution for 10 min. The Rse.gD protein was immunoprecipitated 
from extracts using the anti-gD 5B6 monoclonal antibody. Proteins were 

30 fractionated on 7% SDS-PAGE under reducing conditions and transferred to 
nitrocellulose. Phosphorylation of Rse was detected with labelled 
antiphosphotyrosine antibody. See Figure 5, step (d) . 

(vii) Media 

Cells were grown in F12/DMEM 50:50 (Gibco/BRL, Life Technologies, 
3 5 Grand Island, NY) . The media was supplemented with 10% diafiltered FBS 
(HyClone, Logan, Utah), 25mM HEPES and 2mM L-glutamine. 
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fviii) KTRA ELISA 

Rse.gD transformed dpl2.CHO cells (EP 307,247 published 15 March 
1989) were seeded (5xl0 4 per well) in the wells of a flat -bottom- 96 well 
culture plate in 100 /zl media and cultured overnight at 37°C in 5% C0 2 . The 
5 following morning the well supernatants were decanted, and the plates were 
lightly tamped on a paper towel. 100^1 of media containing either 
experimental samples or 1:100, 1:200, 1:400, 1:800, 1:1600, 1:3200 or 0 
diluted, anti-Rse agonist polyclonal antibody (19B pAb) was then added to 
each well. The cells were stimulated at 37°C for 30 min. , the well 
10 supernatants were decanted, and the plates were once again lightly tamped 
on a paper towel. To lyse the cells and solubilize the receptors, 100 pi 
of lysis buffer was added to each well. Lysis buffer consisted of ISO mM 
NaCl containing 50 mM HEPES (Gibco) , 0.5 % Triton-X 100 (Gibco) , 0.01 % 
thimerosal, 30 KlU/ml aprotinin (ICN Biochemicals, Aurora, OH), ImM 4- (2- 
15 aminoethyl) -benzene sulfonyl fluoride hydrochloride (AEBSF; ICN 
Biochemicals) , 50 jiM leupeptin (ICN Biochemicals) , and 2 mM sodium 
orthovanadate (Na 3 V0 4 ; Sigma Chemical Co, St. Louis, MO), pH 7.5. The plate 
was then agitated gently on a plate shaker {Bellco Instruments, Vineland, 
NJ) for 60 min. at room temperature. 
20 While the cells were being solubilized, an ELISA microtiter plate 

(Nunc Maxisorp, Inter Med, Denmark) coated overnight at 4°C with the 5B6 
monoclonal anti-gD antibody (0.5 pg/ml in 50 mM carbonate buffer, pH 9.6, 
100 jil/well) was decanted, tamped on a paper towel and blocked with 150 
/il/well of Block Buffer [PBS containing 0.5 % BSA (Intergen Company, 
25 Purchase, NY) and 0.01 % thimerosal] for 60 min. at room temperature with 
gentle agitation. After 60 minutes, the anti-gD 5B6 coated plate was washed 
6 times with wash buffer (PBS containing 0.05 % Tween-20 and 0.01 % 
thimerosal) using an automated plate washer (ScanWasher 300, Skatron 
Instruments, Inc, Sterling, VA) . 
3 0 The lysate containing solubilized Rse.gD from the cell-culture 

microtiter well was transferred (85 /il/well) to anti-gD 5B6 coated and 
blocked ELISA well and was incubated for 2 h at room temperature with 
gentle agitation. The unbound Rse.gD was removed by washing with wash 
buffer and 100 fil of biotinylated 4G10 ( ant i-phospho tyrosine) diluted 
35 1:2000 in dilution buffer (PBS containing 0.5 % BSA, 0.05 % Tween-20, 5 mM 
EDTA, and 0.01 % thimerosal), i.e. 400 pg/ml was added to each well. After 
incubation for 2 h at room temperature the plate was washed and 100 j-il of 
HRPO- conjugated streptavidin (Zymed Laboratories, S. San Francisco, CA) 
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diluted 1:10000 in dilution buffer was added to each well. The plate was 
incubated for 30 minutes at room temperature with gentle agitation. The 
free avidin- conjugate was washed away and 100 y.1 freshly prepared substrate 
solution (tetramethyl benzidine [TMB] ; 2 -component substrate kit; 
5 Kirkegaard and Perry, Gaithersburg , MD) was added to each well. The 
reaction was allowed to proceed for 10 minutes, after which the color 
development was stopped by the addition of 100 ^1/well 1*0 M H 3 P0 4 . The 
absorbance at 450 nm was read with a reference wavelength of 650 nm 
(ABS 450/ 65o) * using a vmax plate reader (Molecular Devices, Palo Alto, CA) 

10 controlled with a Macintosh Centris 650 (Apple Computers, Cupertino, CA) 
and DeltaSoft software (BioMetallics, Inc, Princeton, NJ) . 

The standard curve shown in Figure 10 was generated by stimulating 
Rse.gD transformed CHO cells with 1:100, 1:200, 1:400, 1:800, 1:1600, 
1:3200 or 0 diluted, anti-Rse agonist antibody (19B) and presented as 

15 1/dilution anti-Rse agonist antibody (19B) vs. mean ABS 4SO /6so ± sd using the 
DeltaSoft program. 

The results presented in this example demonstrate that the KIRA ELISA 
is a useful method for assaying ligand activation of a receptor construct 
having a carboxyl terminal flag polypeptide, e.g., activation of Rse.gD. 

20 Levels of receptor activation in terms of tyrosine phosphorylation are 
easily quantified and an EC 50 for a given ligand (e.g. an agonist antibody 
for the receptor) is readily determined. 

EXAMPLE 3 

KIRA ELISA Pf the trK A* P and C Receptors 
25 Neurotrophins belong to a family of small, basic proteins which play 

a crucial role in the development and maintenance of the nervous system. 
The first identified and probably best understood member of this family is 
nerve growth factor (NGF) . See U.S. Patent No. 5,169,762, issued December 
8, 1992. Recently, sequentially related but distinct polypeptides with 
30 similar functions to NGF have been identified. For example, brain- derived 
neurotrophic factor (BDNF) , now also referred to as neurotrophic 2 (NT2), 
was cloned and sequenced by Leibrock et al . ( Nature , 341: 149-152 [1989]). 
Several groups identified a neurotrophic factor originally called neuronal 
factor (NF) , and now referred to as neurotrophic 3 (NT3) . (Ernfors et al., 
35 Prog, Natl, ACfld. Sci, USA, 87: 5454-S458 [1990]; Hohn et al . , Hfl£ux£, 344: 
339 [1990]; Maisonpierre et al . , Science . 247: 1446 [1990]; Rosenthal et 
al., Neuron, 4: 767 [1990]; Jones and Reichardt, Proc. Natl. Acad. Sci. 
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USA , 87: 8060-8064 [1990]; Kaisho et al . , FEBS Lett . . 266: 187 [1990]). 
Neurotrophics -4 and -5 (NT4 and NT5) have been recently added to the family 
(Hallbook et al., Neuron , 6: 845-858 [1991]; Berkmaier et al. t Neuron . 7: 
857-866 [1991]; Ip et al . , Proc . Natl. Acad. Sci . USA . 89: 3060-3064 
5 [1992] ) . 

Neurotrophics , similarly to other polypeptide growth factors, affect 
their target cells through interactions with cell surface rPTKs (called Trk 
receptors) . The first member of the trk receptor family, trkA, was 
initially identified as the result of an oncogenic transformation caused 

10 by the translocation of tropomyosin sequences onto its catalytic domain. 
Later work identified trkA as a signal transducing receptor for NGF. 
Subsequently, two other related receptors, mouse and rat trkB (Klein et 
al., EMBO J. . 8: 3701-3709 [1989]; Middlemas et al . , Mol . Cell . Biol . . 11: 
143-153 [1991]; EP 455,460 published 6 November 1991) and porcine, mouse 

15 and rat trkC (Lamballe et al . , Cell , 66: 967-979 [1991]; EP 522,530 
published 13 January 1993), were identified as members of the trk receptor 
family. The structures of the trk receptors are quite similar, but 
alternate splicing increases the complexity of the family by giving rise 
to two known forms of trkA, three known forms of trkB (two without 

20 functional tyrosine kinase domains) and at least four forms of trkC 
(several without functional tyrosine kinase domain, and two with small 
inserts in the tyrosine kinase domain) . Human trk A, B and C receptor 
sequences are disclosed in U.S. Patent application Serial No. 08/215,139, 
filed March 18, 1994, specifically incorporated herein by reference. 

25 The following KIRA ELISA was performed using trk A, B and C receptor 

constructs having amino- terminal flag polypeptides. 

(i) Capture agent preparation 

Monoclonal anti-gD (clone 5B6) was produced against a peptide from 
Herpes simplex virus glycoprotein D as discussed above in Example 2 . The 
30 purified stock preparation was adjusted to 3.0mg/ml in phosphate buffered 
saline (PBS), pH 7.4 and 1.0ml aliquots were stored at -20°C. 

(ii) Anti-Phosphotvrosine antibody preparation 

Monoclonal anti-phosphotyrosine, clone 4G10, was purchased from 
Upstate Biologicals, Inc (UBI, Lake Placid, NY) and biotinylated using 
35 long -arm biotin-N-hydroxysuccinamide (Biotin-X-NHS, Research Organics, 
Cleveland, OH) . 

(iii) Lioands 
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Nerve growth factor (NGF) , neurotrophm 3 (NT3) , and neurotrophin 5 
(NTS) were prepared by recombinant techniques using the sequence data 
provided for each of these proteins in the above-mentioned references. The 
purified NGF, NT3 and NT5 were stored at 4°C as stock solutions (180/xM, 
5 8.8/iM and 26.9/iM, respectively) in PBS , pH 7.5. 

(jy) Preparation Q f gD,trk nwilsic acid 

In order to express the various trk receptors with gD flags (i.e. 
gD.trk constructs) , DNA constructs were made which encoded the signal and 
epitope of gD (see Paborsky et al., supra) fused to the amino terminus of 

10 the various trk receptors. These were made by inserting the trk receptor 
and gD sequences into pRK5 or pRK7 (Suva et al., Science . 237: 893-896 
[1987]) using standard molecular biology techniques, to generate the 
constructs shown in Figures 12-14. In addition to the gD.trk constructs, 
constructs were also made to express gD tagged trk.IgG fusion proteins 

15 (i.e., gD. trk.IgG). DNA constructs encoding the chimeras of trk 
extracellular domain and IgG-1 Fc domains were made with the Fc region 

clones of human IgG-1 (Ashkenazi et al . , Immunoadhesins Intern. Rev, 

Immunol . . 10: 219-227 [1993]). More specifically, the source of the IgG-1 
encoding sequence was the CD4- IgG-1 expression plasmid pRKCD4 2 Fc! (Capon et 

20 al.. Nature . 334: 525 [1989]; Byrn et al . , Nature . 344: 667 [1990]) 
containing a cDNA sequence encoding a hybrid polypeptide consisting of 
residues 1-180 of the mature human CD4 protein fused to human IgG-l 
sequences beginning at aspartic acid 216 (taking amino acid 114 as the 
first residue of the heavy chain constant region; Kabat et al., Sequences 

25 of Proteins of Immunological Interest 4th ed. [1987]), which is the first 
residue of the IgG-1 hinge after the cysteine residue involved in heavy- 
light chain bonding, and ending with residues 441 to include the CH2 and 
CH3 Fc domains of IgG-1. The CD4-encoding sequence was deleted from the 
expression plasmid pRiraXjFCi and the vector was fused to DNA encoding the 

30 trk receptors, with the splice between aspartate 216 of the IgG-1 and 
valine 402 of trkA, threonine 422 of trkB, or threonine 413 of trkC. The 
gD tag was added to the amino terminus of each trk . IgG in the same way as 
for the gD.trk constructs. 

(y) Cell transformation 
35 Human embryonic kidney 293 cells (obtained from ATCC, Rockville, MD) 

were transiently transfected with the nucleic acid encoding gD.trk. IgG 
using a calcium phosphate protocol (Gorman, DNA Cloning: A Practical 
Approach [Glover, D. , ed.] Vol II: 143-190, IRL Press, Washington DC). 
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After twelve hours, the transformed cells were rinsed three times with 
serum free F12/DMEM 50:50 media (Gibco) and then serum free media was added 
for a 48 hour collection. 

Cell lines stably expressing each of the gD.trk constructs were made 
5 by co -trans fee ting dpl2.CHO cells (EP 307,247 published 15 March 19B9) with 
the pRK plasmids encoding the gD tagged trk receptors and a plasmid 
encoding DHFR, again using calcium phosphate mediated transf ection. 

The media mentioned above (having the gD.trk. IgG) was used without 
further purification in binding assays to assess the effects of the 

10 presence of the gD flag polypeptide on neurotrophin binding to the 
gD.trk. IgG polypeptides. DKA encoding untagged trk.IgG polypeptide was run 
in parallel as a control. trk.IgG and gD tagged trk.IgG containing cell 
supematants were prepared as described and used in competitive 
displacement assays with the appropriate iodinated neurotrophin. NGF is 

15 used as ligand for trkA, NTS is used as ligand for trkB, and NT3 is used 
as a ligand for trkC. A summary of the results obtained is shown in the 
following table. 



TABLE 1 

pjnfljng of Fevrptrpphins tP trft.Sgg 

IC50 without gD IC50 with gD 

20 trkA 68.4+/-11.9 pM 68.8+/-3.0 pM 

trkB 31.1+/-15.6 pM 12.1+/-18 pM 

trkC 31-1+/-1.1 pM 30.2+/-0.7 pM 

(vi) Selection, pf transformed cells for uge in the KTRA ELISft 
It was apparent from the preceding experiment that there was no 
25 observable change in the affinity of interaction of neurotrophins with 
their receptor due to the presence of the gD flag polypeptide on the amino 
terminus. Based on this result, cells were transformed with the gD.trk 
constructs for use in the KIRA ELISA using the techniques described in the 
previous section. 

30 After two days, dpl2.CHO cells (EP 307,247 published 15 March 1989) 

transformed with gD.trk constructs were selected for by growth in media 
without GHT, and after two weeks, growing cells were sorted by FACS 
analysis using the 5B6 monoclonal to select cells expressing the gD flag 
polypeptide on their surface. gD positive cells were cloned by plating at 

35 limiting dilution and resultant colonies were then rescreened by FACS 
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analysis (using the anti-gD 5B6 monoclonal antibody) , neurotrophin binding 
(as discussed above) , tyrosine phosphorylation indicated by Western blot 
using an anti-phosphotyrosine antibody, gD expression by Western blot using 
th anti-gD 5B6 antibody, and imrnunocytochemistry using the 5B6 antibody. 
5 Clones which were positive were then recloned by limiting dilution and were 
subjected to the KIRA ELISA as described below. 

(vii) Media 

Cells were grown in F12/DMEM 50:50 (Gibco/BRL, Life Technologies, 
Grand Island, NY) . The media was supplemented with 10% diaf iltered FBS 
10 (HyClone, Logan, Utah), 25mM HEPES and 2mM L-glutamine. 

(viii) KIRA EWSA 

gD.trk transformed dp!2.CH0 cells (EP 307,247 published 15 March 
1989) were seeded (5 x 10* per well) in a f lat-bottom-96 well culture plate 
in 100 fil media and cultured overnight at 37°C in 5% C0 2 . The following 

15 morning the well supernatants were decanted, and the plates were lightly 
tamped on a paper towel. I00j.il of media containing either experimental 
samples or the recombinant purified NGF, NT3, or NTS standards (3000, 1000, 
333, 111, 37, 12, 4, and 0 pM) was then added to each well. The cells were 
stimulated at 37°C for 30 min., the well supernatants were decanted, and 

20 the plates were once again lightly tamped on a paper towel. To lyse the 
cells and solubilize the receptors, 100 \i\ of lysis buffer was added to 
each well. Lysis buffer consisted of 150 mM NaCl containing 50 mM HEPES 
(Gibco) , 0,5 % Triton-X 100 (Gibco) , 0.01 % thimerosal, 30 KlU/ml aprotinin 
(ICN Biochemicals, Aurora, OH), XmM 4- (2-aminoethyl) - benzene sulfonyl 

25 fluoride hydrochloride (AEBSF; ICN Biochemicals) , 50 fiM leupeptin (ICN 
Biochemicals), and 2 mM sodium orthovanadate (Na 3 V0 4 ; Sigma Chemical Co, St. 
Louis, MO) . pH 7.5. The plate was then agitated gently on a plate shaker 
(Bellco Instruments, Vineland, NJ) for 60 min. at room temperature. 

While the cells were being solubilized, an ELISA microtiter plate 

30 (Nunc Maxisorp, Inter Med, Denmark) coated overnight at 4°C with the 5B6 
monoclonal anti-gD antibody (0.5 tig/ml in 50 mM carbonate buffer, pH 9.6, 
100 ptl/well) was decanted, tamped on a paper towel and blocked with 150 
^1/well of Block Buffer [PBS containing 0.5 % BSA . (Intergen Company, 
Purchase, NY) and 0.01 % thimerosal] for 60 min. at room temperature with 

35 gentle agitation. After 60 minutes, the anti-gD 5B6 coated plate was washed 
6 times with wash buffer (PBS containing 0.05 % Tween-20 and 0.01 % 
thimerosal) using an automated plate washer (ScanWasher 300, Skatron 
Instruments, Inc, Sterling, VA) . 
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The lysate containing solubilized gD.trk from the cell-culture 
microtiter well was transferred (85 jzl/well) to anti-gD 5B6 coated and 
blocked ELISA well and was incubated for 2 h at room temperature with 
gentle agitation. The unbound gD.trk was removed by washing >with wash 
5 buffer and 100 fil of biotinylated 4G10 { ant i-phospho tyrosine) diluted 
1:2000 in dilution buffer {PBS containing 0.5 % BSA, 0.05 % Tween-20, 5 mM 
EDTA, and 0.01 % thimerosal) , i.e., 400pg/ml, was added to each well. 
After incubation for 2 h at room temperature the plate was washed and 100 
til of HRPO-conjugated streptavidin {Zymed Laboratories, S. San Francisco, 

10 CA) diluted 1:10000 in dilution buffer was added to each well. The plate 
was incubated for 30 minutes at room temperature with gentle agitation. 
The free avidin- conjugate was washed away and 100 Ml freshly prepared 
substrate solution (tetramethyl benzidine; 2 -component substrate kit; 
Kirkegaard and Perry, Gaithersburg, MD) was added to each well. The 

15 reaction was allowed to proceed for 10 minutes, after which the color 
development was stopped by the addition of 100 /zl/well l.o M H 3 P0 4 . The 
absorbance at 450 nm was read with a reference wavelength of 650 nm 
(ABS 450/65 o) , using a vmax plate reader (Molecular Devices, Palo Alto, CA) 
controlled with a Macintosh Centris 650 (Apple Computers, Cupertino, CA) 

20 and DeltaSoft software (BioMetallics, Inc, Princeton, NJ) . 

The standard curves shown in Figures 15A-15C were generated by 
stimulating gD.trk transformed CHO cells with 3000, 1000, 333, 111, 37, 12, 
4, and 0 pM NGF, NT3 or NTS and were presented as pM neurotrophin vs. mean 
ABS 4 so/esc ± sd using the DeltaSoft program. Sample concentrations were 

25 obtained by interpolation of their absorbance on the standard curve and are 
expressed in terms of pM neurotrophin activity. 

The results presented in this example demonstrate that the KIRA ELISA 
is a useful method for assaying ligand activation of a receptor construct 
having an amino terminal flag polypeptide, e.g., activation of gD.trk 

30 receptor constructs. Levels of receptor activation in terms of tyrosine 
phosphorylation are easily quantified and an EC S0 for a given ligand is 
readily determined. 

KSfiA EhlSh the OTfr/Rgg Chimeric Receptor 
3 5 The human MPL receptor has been disclosed by Vigon et al., PNAS, us A 

89:5640-5644 (1992). A chimeric receptor comprising the ECD of the MPL 
receptor and the TM and ICD of Rse (Mark et al . , supra) with a carboxyl- 
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terminal flag polypeptide (i.e. Rse.gD; see Example 2) was subjected to the 
KIRA ELISA described herein. The experimental procedure is outlined below. 
See also Figs. 16 and 17. 

(±) Capture agent preparation 
5 Monoclonal anti-gD (clone 5B6) was produced against a peptide from 

Herpes simplex virus glycoprotein D (Paborsky et al., Protein Engineering 
3(6):547-553 [1990]). The purified stock preparation was adjusted to 
3.0mg/ml in phosphate buffered saline (PBS), pH 7.4 and 1.0ml aliquot s were 
stored at -20 B C. 
10 (ii) Anti-phosphotvrosine antibody preparation 

Monoclonal ant i-phospho tyrosine, clone 4G10, was purchased from UBI 
(Lake Placid, NY) and biotinylated using long- arm biotin-N- 
hydroxysuccinamide (Biotin-X-NHS, Research Organics, Cleveland, OH) . 

(iii) Ligand 

15 The MPL ligand [de Sauvage et al., Nature 369: 533-538 (1994)] was 

prepared by recombinant techniques. The purified MPL ligand was stored at 
4°C as a stock solution. 

(iv) Preparation of MPL/Rse.gD nucleic acid 

The expression plasmid pSV. ID. Rse.gD produced as described in Example 
20 2 above was modified to produce plasmid pSV . ID . M . tmRd6 which contained the 
coding sequences of the ECD of human MPL (amino acids 1-491) fused to the 
transmembrane domain and intracellular domain of Rse.gD (amino acids 429- 
911) . Synthetic oligonucleotides were used to join the coding sequence of 
a portion of the extracellular domain of human MPL to a portion of the Rse 
25 coding sequence in a two step PCR cloning reaction as described by Mark et 
al. in J. Biol. Chem. 267: 26166-26171 (1992). Primers used for the first 
PCR reaction were Ml ( 5 1 -TCTCGCTACCGTTTACAG - SEQ ID NO: 12) and M2 (5'- 
CAGGTACCCACCAGGCGGTCTCGGT - SEQ ID NO: 13) with a MPL CDNA template and Rl 
( 5 * -GGGCCATGACACTGTCAA - SEQ ID NO: 14) and R2 (5'- 
30 GACCGCCACCGAGACCGCCTGGTGGGTACCTGTGGTCCTT - SEQ ID NO: 15) with a Rse cDNA 
template. The PvuII-Smal portion of this fusion junction was used for the 
construction of the full-length chimeric receptor. 

(v) Cell transformation 

dpl2.CHO cells (EP 307,247 published 15 March 1969) were 
35 electroporated with pSV. ID.M. tmRd6 which had been linearized at a unique 
NotI site in the plasmid backbone. The DNA was ethanol precipitated after 
phenol /chloroform extraction and was resuspended in 20/xl 1/10 Tris EDTA. 
Then, 10^g of DNA was incubated with 10 7 CHO.dpl2 cells in 1 ml of PBS on 
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ice for 10 min. before electroporation at 400 volts and 330/xf • Cells were 
returned to ice for 10 min. before being plated into non- selective medium. 
After 24 hours cells were fed nucleoside- free medium to select for stable 
DHFR+ clones . 

5 (vi) Selection of transformed cells for use in the KIRA ELISA 

Clones expressing MPL/Rse.gD were identified by western- blotting of 
whole cell lysates post- fractionation by SDS-PAGE using the antibody 5B6 
which detects the gD epitope tag. 

(yU) Media 

10 Cells were grown in F12/DMEM 50:50 (Gibco/BRL, Life Technologies, 

Grand Island, NY) . The media was supplemented with 10% diaf iltered FBS 
(HyClone, Logan, Utah), 25mM HEPES and 2mM L-glutamine. 
(Yiii) KIRft ELISA 

MPL/Rse.gD transformed dpl2.CHO cells were seeded (3xl0 4 per well) in 

15 the wells of a flat -bottom- 96 well culture plate in 100 pi media and 
cultured overnight at 37°C in 5% C0 2 . The following morning the well 
supernatants were decanted, and the plates were lightly tamped on a paper 
towel. 50/il of media containing either experimental samples or 200, 50, 
12.5, 3.12, 0.78, 0.19, 0.048 or 0 ng/ml MPL ligand was then added to each 

20 well. The cells were stimulated at 37 tt C for 30 min., the well supernatants 
were decanted, and the plates were once again lightly tamped on a paper 
towel. To lyse the cells and solubilize the chimeric receptors, 100 til of 
lysis buffer was added to each well. Lysis buffer consisted of 150 mM NaCl 
containing 50 mM HEPES (Gibco) , 0.5 % Triton-X 100 (Gibco) , 0.01 % 

25 thimerosal, 30 KlU/ml aprotinin (ICN Biochemicals, Aurora, OH), ImM 4- (2- 
aminoethyl) -benzenesulf onyl fluoride hydrochloride (AEBSF; ICN 
Biochemicals) , 50 /iM leupeptin (ICN Biochemicals) , and 2 mM sodium 
orthovanadate (Na 3 V0 4 ; Sigma Chemical Co, St. Louis, MO), pH 7.5. The plate 
was then agitated gently on a plate shaker (Bellco Instruments, Vineland, 

30 NJ) for 60 min. at room temperature. 

While the cells were being solubilized, an ELISA microti ter plate 
(Nunc Maxisorp, Inter Med, Denmark) coated overnight at 4 C C with the 5B6 
monoclonal anti-gD antibody (5.0 pig/ml in 50 mM carbonate buffer, pH 9.6, 
100 /xl/well) was decanted, tamped on a paper towel and blocked with 150 

35 /xl/well of Block Buffer [PBS containing 0.5 % BSA (Intergen Company, 
Purchase, NY) and 0.01 % thimerosal] for 60 min. at room temperature with 
gentle agitation. After 60 minutes, the anti-gD 5B6 coated plate was washed 
6 times with wash buffer (PBS containing 0.05 % Tween-20 and 0.01 % 
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thimerosal) using an automated plate washer (ScanWasher 300, Skatron 
Instruments, Inc, Sterling, VA) . 

The lysate containing solubilized MPL/Rse.gD from the cell -culture 
microtiter well was transferred (85 /il/well) to anti-gD 5B6 coated and 
5 blocked ELISA well and was incubated for 2 h at room temperature with 
gentle agitation. The unbound AfPL/Rse.gD was removed by washing with wash 
buffer and 100 /il of biotinylated 4G10 { ant i-phospho tyrosine) diluted 
1:18000 in dilution buffer (PBS containing 0.5 % BSA, 0.05 % Tween-20, 5 
mM EDTA, and 0.01 % thimerosal), i.e. 56 ng/ml was added to each well. 

10 After incubation for 2 h at room temperature the plate was washed and 100 
fil of HRPO- conjugated streptavidin (Zymed Laboratories, S. San Francisco, 
CA) diluted 1:60000 in dilution buffer was added to each well. The plate 
was incubated for 30 minutes at room temperature with gentle agitation. 
The free avidin- conjugate was washed away and 100 freshly prepared 

15 substrate solution (tetramethyl benzidine [TMB] ; 2-component substrate kit; 
Kirkegaard and Perry, Gaithersburg , MD) was added to each well. The 
reaction was allowed to proceed for 10 minutes, after which the color 
development was stopped by the addition of 100 /il/well 1.0 M H 3 P0 4 . The 
absorbance at 450 nm was read with a reference wavelength of 650 nm 

20 (ABS 4S0/€50 ) , using a vmax plate reader (Molecular Devices, Palo Alto, CA) 
controlled with a Macintosh Centris 650 (Apple Computers, Cupertino, CA) 
and DeltaSoft software (BioMetallics, Inc, Princeton, NJ) . 

The results demonstrated that MPL ligand was able to activate the 
AfPL/Rse.gD chimeric receptor in a concentration -dependent and ligand- 

25 specific manner. 
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l. A method for measuring autophosphorylation of a tyrosine kinase 
receptor comprising the steps of : 

(a) coating a first solid phase with a homogeneous population of 
5 eukaryotic cells so that the cells adhere to the first solid 

phase, wherein, positioned in their membranes, the cells have 
a receptor construct comprising a flag polypeptide and the 
tyrosine kinase receptor; 

(b) exposing the adhering cells to an analyte,- 

10 (c) solubilizing the adhering cells, thereby releasing cell lysate 

therefrom; 

(d) coating a second solid phase with a capture agent which binds 
specifically to the flag polypeptide so that the capture agent 
adheres to the second solid phase ; 
15 (e) exposing the adhering capture agent to the cell lysate obtained 

in step (c) so that the receptor construct adheres to the 
second solid phase; 
{f) washing the second solid phase so as to remove unbound cell 
lysate ; 

20 (g) exposing the adhering receptor construct to an anti- 

phosphotyrosine antibody which identifies phosphorylated 
tyrosine residues in the tyrosine kinase receptor; and 
(h) measuring binding of the ant i-phosphotyro sine antibody to the 
adhering receptor construct. 

25 2. The method of claim 1 wherein the cells are transformed with nucleic 
acid encoding the receptor construct prior to step (a) . 

3 . The method of claim 1 wherein the cells comprise a mammalian cell 
line . 

4 . The method of claim 1 wherein the cells are adherent . 

30 5. The method of claim 1 wherein the capture agent comprises a capture 
antibody . 
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The method of claim 1 wherein the first solid phase comprises a well 
of a first assay plate. 

The method of claim 6 wherein the first assay plate is a micro titer 
plate . 

The method of claim 6 wherein between about lxl 0 4 to 3 x 10 s cells 
are added to the well in step (a) . 

The method of claim 1 wherein the second solid phase comprises a well 
of a second assay plate. 

-The method of claim 1 wherein the cell lysate is not concentrated or 
clarified prior to step (e) . 

The method of claim 6 wherein step <c) comprises adding a lysis 
buffer to the well of the first assay plate and gently agitating the 
first assay plate. 

The method of claim 11 wherein the lysis buffer comprises a 
solubilizing detergent. 

The method of claim 1 wherein the an ti-phospho tyrosine antibody is 
labelled. 

The method of claim 13 wherein the label comprises an enzyme which 
is exposed to a color reagent and the color change of the color 
reagent is determined in step (h) . 

The method of claim 1 wherein the flag polypeptide is fused to the 
amino terminus of the tyrosine kinase receptor. 

The method of claim 15 wherein the tyrosine kinase receptor is a trk 
A receptor, trk B receptor or trk C receptor. 

The method of claim 1 wherein the flag polypeptide is fused to the 
carboxyl terminus of the tyrosine kinase receptor. 
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18. The method of claim 17 wherein the tyrosine kinase receptor is the 
Rse receptor. 

19. The method of claim 17 wherein the receptor construct comprises the 
extracellular domain of a receptor of interest and the intracellular 

5 domain of the Rse receptor. 

20. The method of claim 19 wherein the receptor of interest is the MPL 
receptor. 

21. The method of claim 20 wherein the receptor construct further 
comprises the transmembrane domain of the Rse receptor and the flag 

10 polypeptide comprises the gD polypeptide. 

22 . The method of claim 1 wherein the analyte comprises an agonist for 
the tyrosine kinase receptor. 

23 . The method of claim 1 wherein the analyte comprises an antagonist for 
the tyrosine kinase receptor. 

15 24. The method of claim 23 wherein the antagonist competitively inhibits 
binding or activation of the tyrosine kinase receptor by an agonist 
thereto and step (b) is followed by a step wherein the adhering cells 
are exposed to the agonist. 

25. The method of claim 1 wherein the analyte is a composition which 
20 comprises an antagonist and an agonist for the receptor and the assay 

measures the ability of the antagonist to bind to the agonist and 
thereby reduce activation of the tyrosine kinase receptor by the 
agonist . 

26. The method of claim l wherein a block buffer is added to the second 
25 solid phase following step (d) . 

27 . A method for measuring autophosphorylation of a tyrosine kinase 
receptor comprising the steps of : • 

(a) coating a well of a first assay plate with a homogeneous 
population of adherent cells so that the cells adhere to the 
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well, wherein the cells have a tyrosine kinase receptor 
positioned in the cell membranes thereof; 

(b) exposing the adhering cells to an analyte; 

(c) solubilizing the adhering cells thereby releasing cell lysate 
5 therefrom; 

(d) coating a well of a second assay plate with a capture agent 
which binds specifically to the tyrosine kinase receptor so 
that the capture agent adheres to the well; 

(e) exposing the cell lysate obtained in step (c) to the adhering 
10 capture agent so that the tyrosine kinase receptor adheres to 

the well; 

(f) washing the well so as to remove unbound cell lysate; 

(g) exposing the adhering tyrosine kinase receptor to an anti- 
phospho tyrosine antibody which binds selectively to 

15 phosphorylated tyrosine residues in the tyrosine kinase 

receptor ; 

(h) measuring binding of the ant i-phospho tyrosine antibody to the 
adhering tyrosine kinase receptor. 

28. The method of claim 27 wherein the tyrosine kinase receptor comprises 
20 the HER2 receptor. 

29. A polypeptide comprising a flag polypeptide fused to the carboxyl 
terminus of the intracellular domain of the Rse receptor. 

30. The polypeptide of claim 29 further comprising the transmembrane 
domain of the Rse receptor. 

25 31. The polypeptide of claim 30 further comprising the extracellular 
domain of a receptor protein tyrosine kinase, other than the Rse 
receptor . 

32. The polypeptide of claim 29 wherein the flag polypeptide comprises 
the gD flag. 

30 33. A kit comprising a solid phase coated with a capture agent which 
binds specifically to a flag polypeptide. 
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34. The kit of claim 33 wherein the solid phase comprises a well of a 
microtiter plate. 

35. The kit of claim 33 further comprising a labeled anti-phosphotyrosine 
antibody . 

5 36. The kit of claim 35 wherein the label comprises an enzyme. 

37. The kit of claim 33 further comprising a cell transformed with a 
nucleic acid encoding a receptor construct. 

38. An assay for measuring phosphorylation of a kinase comprising the 
steps of : 

(a) coating a first solid phase with a homogeneous population of 
eukaryotic cells so that the cells adhere to the first solid 
phase, wherein the cells comprise a kinase construct comprising 
a flag polypeptide and the kinase; 

(b) exposing the adhering cells to an analyte; 

15 (c) solubilizing the adhering cells, thereby releasing cell lysate 

therefrom; 

(d) coating a second solid phase with a capture agent which binds 
specifically to the flag polypeptide so that the capture agent 
adheres to the second solid phase; 

(e) exposing the adhering capture agent to the cell lysate obtained 
in step (c) so that the kinase construct adheres to the second 
solid phase; 

(f) washing the second solid phase so as to remove unbound cell 
lysate ; 

(g) exposing the adhering kinase construct to an antibody which 
identifies phosphorylated residues in the kinase construct; and 

(h) measuring binding of the antibody to the adhering kinase 
construct. 

39. The assay of claim 38 wherein the kinase is a receptor. 

30 40. The assay of claim 38 wherein the kinase is a serine-threonine 
kinase . 
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The assay of claim 38 which measures phosphatase activity. 

The assay of claim 41 wherein the cells further comprise a 
phosphatase and the assay further comprises the step of exposing the 
eukaryotic cells to a phosphatase inhibitor prior to step (c) . 

The assay of claim 41 which further comprises the steps in between 
steps (f) and (g) of exposing the adhering kinase construct to a 
phosphatase and then washing the second solid phase so as to 
remove unbound phosphatase. 
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(a) Cell transformation 




(b) Detecting successful 
transformation and expression of 
the receptor construct nucleic acid 




(c) Detecting receptor 
activation 




(d) KIRA-ELISA Test Run 
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